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ABSTRACT OF THE DISSERTATION 

 

Translating Extinction Learning Processes 

 to Improve the Understanding and Treatment of  

Anxiety Disorders 

 

by 

 

Amy Rose Sewart 

Doctor of Philosophy in Psychology 

University of California, Los Angeles, 2020 

Professor Michelle G. Craske, Chair 

 

Systematic exposure to feared stimuli is an integral component of cognitive behavioral-

based therapies and is often regarded as the ‘gold-standard’ psychotherapeutic strategy for 

anxiety-related disorders. While many individuals respond to exposure-based treatments, a 

significant proportion experience a return of fear after treatment has concluded (e.g., Loerinc et 

al., 2015) – with others failing to respond to treatment all together (e.g., Taylor, Abramowitz, & 

McKay, 2012). Over the past several decades, associative learning theory has continued to 

evolve and has given rise to significant paradigm shifts in our fundamental understanding of fear 

learning (e.g., Rescorla & Wagner, 1972). These theoretical updates have provided explanations 

as to why anxious individuals often fail to adequately extinguish fear during exposure and have 

provided modernized learning principles which may be translated to practice to enhance 



 iii 

exposure-based outcomes (e.g., Craske, Liao, Brown, & Vervliet, 2012; Craske, Treanor, 

Conway, Zbozinek, & Vervliet, 2014; Sewart & Craske, 2019). In addition, our new 

understanding of these processes also give rise to additional questions regarding potential 

unidentified, aberrant fear learning processes in anxious individuals which may also interfere 

with treatment response. This dissertation will include three papers that aim to both enhance our 

understanding of fear conditioning phenomenology in humans and translate fear learning 

principles to optimize exposure-based treatments. Study 1 seeks to establish within-session 

expectancy violation as a more robust predictor of treatment response to exposure therapy when 

compared with within-session fear habituation. Study 2 seeks to investigate who benefits the 

most from a pharmacological augmentation exposure therapy that is to proposed to 

decontextualize extinction learning. Study 3 seeks to further investigate how perceptual 

similarity impacts return of fear for complex stimuli in individuals with and without anxiety 

disorders. 
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GENERAL INTRODUCTION 
 

Elements of the ‘General Introduction’ have been previously published in: 

Sewart, A. R. & Craske, M. G. (2020). Inhibitory Learning. In J. Abramowitz and S. Blakey 
(Eds.), Clinical Handbook of Fear and Anxiety: Psychological Processes and Treatment 

Mechanisms. New York, NY: American Psychological Association Press. 
 

An estimated one-third of Americans will meet diagnostic criteria for an anxiety disorder 

within their lifetime, making this classification of mental disorders one of the most prevalent and 

debilitating health conditions (Kessler et al., 2005). Systematic exposure to feared stimuli is an 

integral component of cognitive behavioral-based therapies and is often regarded as the ‘gold-

standard’ psychotherapeutic strategy for anxiety-related disorders. Meta-analyses of randomized 

controlled trials over the last several decades have demonstrated large effect sizes for exposure 

therapy for anxiety disorders, whether alone or combined with coping strategies such as 

cognitive reappraisal or breathing/relaxation training (Cuijpers, Cristea, Karyotaki, Reijnders, & 

Huibers, 2016; Hofmann & Smits, 2008; Norton & Price, 2007). While many individuals 

respond to exposure-based treatments, a significant proportion experience a return of fear after 

treatment has concluded (e.g., Loerinc et al., 2015) – with others failing to respond to treatment 

altogether (e.g., Taylor, Abramowitz, & McKay, 2012). 

Over recent decades, our fundamental knowledge of basic fear learning processes has 

significantly evolved and has offered an explanation for the return of fear and its malignant 

nature. These advancements provide essential treatment implications and call for both clinicians 

and researchers to adopt an advanced theoretical understanding of the mechanisms underlying 

exposure-based treatments based on modern associative learning. Within the updated ‘inhibitory 

learning’ model of exposure, extinction is posited to be the critical process that results in long-
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term reductions of fear (Craske et al., 2008; Craske, Treanor, Conway, Zbozinek, & Vervliet, 

2014). 

Understanding extinction learning and return of fear from an associative learning 

perspective first requires a general grasp of fear conditioning phenomena. In Pavlovian threat 

conditioning, a neutral stimulus (conditional stimulus - CS, such as a shape) is coupled with an 

aversive unconditional stimulus (US, such as a shock or loud noise). Following a number of CS-

US pairing trials (shape → shock/aversive sound), the presentation of the CS develops into a 

reliable predictor of the US. As a result, when the CS is presented, it generates anticipatory fear 

or a conditional response (CR, such as eyeblink) that resembles the unconditional threat response 

(UR) to the related US. These phenomena can be translated to the real-world, wherein clinically 

elevated anxiety can become associated with fear-relevant situations and stimuli. As an example, 

a young woman by the name of Taylor is taking a walk around her neighborhood when – out of 

nowhere – she is attacked by a German Shepherd. Taylor was previously unafraid of dogs, but 

after being bitten (US, dog bite), Taylor begins to fear (CR) all dogs (CS) and avoid public 

spaces in which she may encounter them. This fear of dogs and its related avoidance causes 

Taylor clinically significant distress and impairment. 

To reduce or eliminate the CR, the CS must now lessen its status as a predictor of the US. 

This is achieved by fear extinction, or repeatedly presenting the CS without the US (CS-noUS, 

shape ⇸ shock/noise). Importantly, the original CS-US relationship is not erased during 

extinction, but rather, a secondary relationship wherein the CS no longer predicts the US 

develops as a result of extinction. Under certain conditions, this CS-noUS relationship 

can inhibit the original, excitatory nature of the CS-US relationship (Bouton 1993). In the 

previous dog bite example, Taylor’s fear of dogs is extinguished by exposing her to dogs in the 
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absence of being bitten (CS-noUS). After systematically exposing Taylor to dogs, the notion of 

dogs being predictive of a bite is dampened by new, inhibitory learning that dogs are not 

predictive of such. This new, inhibitory learning has extinguished Taylor’s fear of dogs. 

The original excitatory CS-US association, however, can be uncovered in several ways, 

including spontaneous recovery (Quirk, 2002) — the re-emergence of a previously extinguished 

conditioned response after a delay. For example, after time has elapsed since the completion of 

exposure therapy, Taylor’s fear of dogs may return in a seemingly inexplicable manner. In 

addition, because extinction learning is limited by context, renewal of conditional fear may occur 

if the surrounding setting is changed between extinction and retest (i.e., context renewal) 

(Bouton, 2002). In addition to explaining the return of fear following exposure therapy, these 

processes suggest possible pathways through which exposure therapy can be optimized to this 

phenomenon (Craske et al., 2014).  

Traditional, habituation-based models of exposure therapy posit that fear reduction 

during and between exposure trials is required for lasting changes in the perceived harm 

associated with a given phobic stimulus. Thus, habituation-based exposure approaches have 

focused on fear reduction within and between-session as an index of treatment response and 

success (e.g., Foa, Huppert, & Cahill, 2006; Foa & Kozak, 1986). However, our understanding 

of the role of fear reduction – or ‘habituation’ – in exposure therapy has also evolved with 

advances in associative learning theory. The amount by which fear reduces by the end of an 

exposure trial or series of exposure trials is not a reliable predictor of the fear level expressed at 

follow-up assessment (Baker et al., 2010; Culver, Stoyanova, & Craske, 2012; Kircanski et al., 

2012; Meuret, Seidel, Rosenfield, Hofmann, & Rosenfield, 2012). Similar results have been 
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found in laboratory paradigms with animals and human samples (Plendl & Wotjak, 2010; 

Prenoveau, Craske, Liao, & Ornitz, 2013; Rescorla, 2006). 

Study 1 

Despite a lack of theoretical and empirical support, habituation-based models which use 

fear reduction as the primary guiding principle for treatment planning and evaluation remain the 

dominant models of exposure therapy. Relatedly, although inhibitory learning-based models of 

exposure are strongly supported by basic science, there has been limited investigation as to 

whether or not indices of inhibitory learning – such as expectancy violation – serve as a better 

predictor of treatment response when compared with traditional indices of fear habitation. As 

such, further establishing inhibitory learning principles as predictors of treatment response is 

essential for the field to move forward and optimize exposure-based treatments. To fill this gap 

in the literature and provide further evidence for extinction learning as the underlying 

mechanism of exposure, Study 1 will examine both within-session habituation and within-

session expectancy violation as predictors of subsequent treatment response. In addition, Study 1 

will seek to establish further evidence for an exposure approach rooted in inhibitory learning 

principles. Specifically, we hypothesize that inhibitory learning-based exposure will produce 

significant pre to post-treatment symptom change in the absence of exposure practices guided by 

fear habituation. 

Study 2 

Returning to the discussion of basic associative learning processes, while fear acquisition 

to conditional stimuli readily generalizes to perceptually similar contexts, fear extinction – and 

exposure – is highly context-dependent (Bouton, 2002). Given that extinction learning is limited 

by context, renewal of conditional fear may occur if the surrounding context is changed between 
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extinction and retest (i.e., context renewal). Using the previous clinical example, let’s suppose 

that Taylor is solely exposed to dogs for her phobia within the confines of her therapist’s office. 

After multiple exposure sessions, she shows extinction of her fear of dogs when tested within the 

therapy office. Months later, Taylor walks through the park when she sees a dog similar to the 

one that attacker her months prior. Her fear of dogs returns immediately. As this example 

illustrates, context renewal is of great concern, given the phenomena may trigger a full relapse of 

anxiety symptoms (Craske et al., 2014). Indeed, context renewal following exposure therapy has 

been reliably observed in various clinical samples when fear is tested in novel environments 

(e.g., Mineka, Mystkowski, Hladek, & Rodriguez, 1999; Mystkowski, Craske, & Echiverri, 

2002; Mystkowski, Craske, Echiverri, & Labus, 2006; Mystkowski, Mineka, Vernon, & Zinbarg, 

2003).  

In an effort to improve exposure therapy treatment response and mitigate the return of 

symptoms post-treatment, researchers have recently sought to augment associative learning 

mechanisms during and after exposure sessions. These augmentation strategies have primarily 

focused on enhancing the consolidation of extinction learning and have yet to demonstrate 

reliable effectiveness in mitigating the return of fear post-treatment. Furthermore, augmentation 

strategies aimed at improving extinction consolidation may fail to diminish or inadvertently 

enhance context-dependent learning. Overall, findings suggest targeting other associative 

learning processes to enhance extinction learning – the proposed mechanism of exposure therapy 

– to more readily enhance outcomes. To this aim, Craske and colleagues recently sought to 

‘downregulate’ the hippocampus– a brain region involved in spatial-temporal memory 

(Fanselow, 2000) – during extinction with the noninvasive, pharmacological agent scopolamine 

to reduce context renewal and, in turn, reduce the return of fear following the conclusion of 
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exposure therapy (Craske, Fanselow, Treanor, & Bystritksy, 2019). Nasal administration of 

scopolamine, at either 0.5 mg or 0.6 mg, resulted in significantly less post-treatment fear arousal 

at CR test on specific psychophysiological measures with individuals suffering from moderate to 

severe social anxiety with performance-related concerns relative to placebo. 

Understanding who benefits the most from scopolamine by examining moderators and 

predictors of treatment outcome can further validate the decontextualization of learning as the 

process by which scopolamine acts. Given that the hippocampus is central to contextual 

processing of fear learning (Alvarez, Biggs, Chen, Pine, & Grillon, 2008; Phillips & LeDoux, 

1992), Study 2 seeks to examine pre-treatment hippocampal functioning, measured through a 

computerized behavioral task, as a moderator of treatment response to scopolamine. We 

hypothesize that individuals who demonstrate high hippocampal functioning – and as a result 

possess a high capacity for context-bound learning – at pre-treatment are likely to benefit more 

from augmentation procedures that work through decontextualizing extinction learning, such as 

scopolamine. In Study 2, we will examine pre-treatment hippocampal functioning as a moderator 

of social anxiety-related symptoms from pre-treatment through post-treatment follow-up in 

placebo and scopolamine groups. We will also investigate pre-treatment hippocampal 

functioning as a moderator of physiological arousal and self-reported distress on a post-treatment 

virtual reality context renewal test relative to extinction retest. Individuals with high HPC 

functioning receiving scopolamine are posited to outperform their placebo counterparts in 

symptom reduction through follow-up and experience less context renewal. 

Study 3 

Lastly, conditional stimuli used in exposure are rarely – if ever – identical to the one 

present when fear was first acquired. Conditional stimuli employed during exposure may only 
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share some features with the original, excitatory conditional stimulus and are also likely to 

possess unique features of their own. Again, returning to the previous clinical case, while Taylor 

may have acquired her dog phobia as a result of being bitten by a German Shepherd, exposure 

may be conducted with a readily available Dachshund. The unavoidable use of GSs in ‘in 

vivo’ exposure is problematic when considering the leading model of associative learning which 

posits that generalization of associative learning from a CS+ to a GS (Blough, 1975; Miller, 

Barnet, & Grahame, 1995; Rescorla, 1976) is a function of the degree to which perceptual 

elements are shared between CS and GS. Furthermore, inhibitory learning that develops as a 

result of in vivo exposures may be dependent upon the presence of unique perceptual features of 

the GS. Similar to context renewal, the return of fear has been demonstrated in both in 

laboratory-based fear conditioning paradigms in humans and animals (e.g., Bouton, 2004; 

Vansteenwegen et al., 2005; Vervliet, Vansteenwegen, Baeyens, Hermans, & Eelen, 2005; 

Vervliet, Vansteenwegen, & Eelen, 2006) when stimuli used during extinction differ from those 

which were present during fear acquisition. Limitations to generalization of extinction learning 

may place individuals at risk of ‘return of fear’ and relapse after treatment if the original CS is 

encountered. However, what is more probable than coming into contact with the original CS – 

the dog that bit you – post-extinction is encountering a different GS with its own unique features. 

However, the role of perceptual similarity between acquisition, extinction, and subsequently 

encountered stimuli has yet to be investigated in an anxious sample. Thus, Study 3 aims to 

investigate group differences in extinction generalization of perceptual stimuli and the 

subsequent return of fear between individuals with and without anxiety disorders.  

In sum, the goal of this dissertation is to enhance our understanding of fear conditioning 

phenomenology in humans and translate fear conditioning principles to optimize exposure-based 
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treatments. This will be accomplished through three separate studies that will harness data 

ranging from basic laboratory paradigms to in-vivo exposures. Study 1 seeks to establish 

expectancy violation as a more robust predictor of treatment response to exposure therapy when 

compared with fear habituation. Study 2 seeks to investigate who benefits the most from a 

pharmacological augmentation exposure therapy that is proposed to decontextualize extinction 

learning. Lastly, Study 3 seeks to investigate how perceptual similarity impacts the return of fear 

for complex stimuli in individuals with and without anxiety disorders. 

In sum, the goal of this dissertation is to enhance our understanding of fear conditioning 

phenomenology in humans and translate fear conditioning principles to optimize exposure-based 

treatments. This will be accomplished through three separate studies that will harness data 

ranging from basic laboratory paradigms to in-vivo exposures. Study 1 seeks to establish 

expectancy violation as a more robust predictor of treatment response to exposure therapy when 

compared with fear habituation. Study 2 seeks to investigate who benefits the most from a 

pharmacological augmentation exposure therapy that is proposed to decontextualize extinction 

learning. Lastly, Study 3 seeks to investigate how perceptual similarity impacts the return of fear 

for complex stimuli in individuals with and without anxiety disorders.  
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STUDY 1 

WITHIN-SESSION EXPECTANCY VIOLATION, NOT FEAR HABITUATION,  

PREDICTS CHANGE IN FEAR AND AVOIDANCE PRE TO POST-TREATMENT  

FOR SOCIAL ANXIETY DISORDER: PRELIMINARY FINDINGS FROM AN  

INHIBITORY LEARNING-BASED EXPOSURE APPROACH 

 
 

 
Introduction 

 
Anxiety disorders are among the most prevalent and debilitating group of psychiatric 

diagnoses, with upwards of one-third of individuals meeting diagnostic criteria in their lifetime 

(Kessler et al., 2005). Exposure, the repeated and systematic confrontation with feared stimuli, is 

an integral component of cognitive behavioral-based therapies and is often regarded as the ‘gold-

standard’ psychotherapeutic strategy for anxiety and threat-related disorders. Consistent efficacy 

and effectiveness demonstrated in numerous trials have resulted in a proliferation of exposure-

based therapies over the past several decades (Abramowitz, 2006; Feske & Chambless, 1995; 

Gould, Buckminster, Pollack, Otto, & Massachusetts, 1997; Powers, Halpern, Ferenschak, 

Gillihan, & Foa, 2010). These promising results have been further corroborated by meta-analyses 

reflecting large effect sizes for exposure therapy, whether alone or combined with coping 

strategies such as cognitive reappraisal or breathing/relaxation training (e.g., Cuijpers, Cristea, 

Karyotaki, Reijnders, & Huibers, 2016; Hofmann & Smits, 2008; Norton & Price, 2007). 

However, while the majority of individuals improve within 10 to 20 weekly sessions of typical 

treatment trials, a number experience a return of fear – a resurgence of fear from the end of 

exposure therapy to follow-up (Loerinc et al., 2015) – with others failing to respond to treatment 

altogether (e.g., Schottenbauer, Glass, Arnkoff, Tendick, & Gray, 2008; Taylor, Abramowitz, & 
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McKay, 2012). Thus, there remains significant demand for improving the strategies by which we 

conduct exposure-based therapies.  

Such improvements require both reappraisal of the mechanisms proposed to underlie 

exposure-based therapies and the application of novel procedures designed to target these 

mechanisms more directly. Since its inception, proposed explanations as to why exposure 

therapy works have been firmly rooted in basic learning theory (Joseph Wolpe, 1952). However, 

over recent decades, our fundamental knowledge of associative learning processes has evolved 

and given rise to a significant paradigm shift in our understanding of fear acquisition and 

extinction (e.g., Rescorla & Wagner, 1972). These theoretical updates have provided 

explanations as to why anxious individuals often fail to extinguish fear during exposure 

adequately and have provided modernized learning principles which may be translated to 

practice to enhance outcomes (e.g., Craske, Liao, Brown, & Vervliet, 2012; Craske, Treanor, 

Conway, Zbozinek, & Vervliet, 2014; Sewart & Craske, 2019). And yet, while the field has 

shifted towards recognizing extinction as the mechanism driving the effects of exposure-based 

therapies, the approach by which exposure is conducted has remained based in outdated theory 

and largely unchanged (Gillihan & Foa, 2016). 

Systematic Desensitization 

Exposure as a psychotherapeutic intervention was first introduced in the context of 

systematic desensitization, a behavioral therapy based on a Hullian understanding of Pavlovian 

fear learning (Wolpe, 1954). During this time, contemporary stimulus-response models 

dominated the field of associative learning and contended that conditional stimuli 

(CSs) drive fear responding. Pairing a neutral stimulus (e.g., tone) with an unconditional 

stimulus (US; e.g., shock) was theorized to allow for the now CS to be associated with 
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and elicit a conditional response (CR; e.g., freezing) that resembles the unconditional response 

(UR) to the US (e.g., Watson, 1916). Furthermore, drive reduction (e.g., alleviation of anxiety) 

was believed to ‘stamp in’ specific behaviors (Hull, 1943). Based on these principles, anxiety 

reduction was attributed to counter-conditioning or reciprocal inhibition (Wolpe, 1968). 

Specifically, when a behavioral response is made in the face of a given CS that is incompatible 

with anxiety, the association between the feared stimulus and the CR – fear – is weakened and 

suppressed. Thus, individuals participating in systematic desensitization were tasked with 

progressing through increasingly anxiety-provoking situations while using relaxation techniques 

to reciprocally inhibit anxiety expression. Through reciprocal inhibition, the feared stimulus was 

believed to now elicit an inhibitory non-anxious response that was to compete with the previous 

excitatory, anxious response. As a result, the level of fear responding during systematic 

desensitization was considered to be the critical index of both the learning process of counter-

conditioning throughout treatment and the overall success of treatment. 

Emotional Processing Theory 

The theoretical premise of reciprocal inhibition was challenged through a series of studies 

demonstrating neither relaxation procedures, nor arousal reduction, were essential to exposure 

effectiveness (Borkovec & Sides, 1979; Dawson & McMurray, 1978; Levin & Gross, 1985; 

McGlynn, Solomon, & Barrios, 1979; Waters, McDonald, & Koresko, 1972). Instead, a separate 

learning process appeared to capture response trends observed during exposure more adequately, 

wherein self-reported fear and physiological arousal were observed to decline both within a 

given exposure exercise and across exposure occasions – habituation (e.g., Foa & Kozak, 1986; 

Kozak, Foa, & Steketee, 1988; Parkinson & Rachman, 1980; Sartory, Rachman, & Grey, 1977).  
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In the seminal emotional processing theory, fear habituation was first put forward both as 

the underlying process driving the effects of exposure therapy and as an indicator of successful 

exposure (Foa & Kozak, 1986). Emotional processing theory purports that feared stimuli 

possesses a cognitive ‘fear structure’ that contains associated physiological and behavioral fear 

responses, in addition to threat meanings associated with the stimuli and responses. This fear 

structure is activated by processing informational elements within the relevant fear structure, 

which in turn activates other related elements of the fear structure, including behavioral 

responses and threat meanings. While a fear structure serves an adaptive function in the presence 

of real danger, a given fear structure may become pathological, leading to maladaptive 

behavioral responses and cognitive biases. To ‘override’ or correct this pathological fear 

structure, Foa and Kozak (1986) initially proposed that during exposure therapy, maladaptive 

associations between stimuli, responses, and meanings are replaced with nonpathological, 

adaptive associations. This theory has since been updated to reflect some advances in associative 

learning, where a new adaptive fear structure rather competes with the original, pathological 

structure (Foa, Huppert, & Cahill, 2006).  

Once a pathological fear structure is activated, corrective learning is theorized to occur 

through the integration of new, conflicting information. The decrease in fear that occurs during 

exposure exercises, within-session habituation, and the decrease in peak intensity of fear across 

exposure exercises, between-session habituation, were initially considered both treatment 

mechanisms and indices of successful exposure therapy (Foa et al., 2006; Foa & Kozak, 1986). 

Fear habituation during exposure exercises remains the universal indicator of exposure success 

and is traditionally assessed through ongoing self-reported fear during exposure exercises using a 

‘subjective units of distress scale’ ratings or SUDs (Wolpe & Lazarus, 1966).  
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Although widely accepted, there are fundamental issues with habituation as the proposed 

index or mechanism of exposure. First and foremost, habituation traditionally describes response 

modification to novel stimuli that are no longer important or to repeated presentations of a 

biologically significant stimulus (e.g., unconditional stimulus; Bouton, 2007; Rankin et al., 

2009). Examples of such stimuli that elicit innate responding include sudden bursts of noise, 

light, and muscle stimulation (e.g., Davis, 1974; Hall & Channell, 1985; Marlin & Miller, 1981). 

However, exposure therapy for anxiety disorders seldom occurs with stimuli that are in essence 

neutral prior to learned associations (e.g., social interaction, dogs, elevated heart rate) or to 

unconditional stimuli (e.g., rejection, dog attacks, heart attack). Thus, associative, rather than 

non-associative processes such as habituation, are likely to account for exposure’s effects, as 

described in further detail below. Furthermore, the proposed operationalization of habituation – 

fear habituation – has remained an unreliable predictor of fear expressed at follow-up 

assessments since its inception (Baker et al., 2010; Bluett, Zoellner, & Feeny, 2014; Craske et 

al., 2008, 2012; Meuret, Rosenfield, Hofmann, Suvak, & Roth, 2009; Peterman, Carper, & 

Kendall, 2016). These inconsistent results are paralleled by basic laboratory experiments with 

animals and human samples which demonstrate discordance between performance during stimuli 

exposure (i.e., fear) and long-term learning (Brown, LeBeau, Chat, & Craske, 2017; Phelps, 

Delgado, Nearing, & LeDoux, 2004; Plendl & Wotjak, 2010; Prenoveau, Craske, Liao, & Ornitz, 

2013; Rescorla, 2006). Nevertheless, ‘habituation’ models remain the dominant models of 

exposure therapy.  

Inhibitory Learning  

Since the development of systematic desensitization and emotional processing theory, our 

fundamental knowledge of basic fear learning processes has significantly evolved. Without a 
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doubt, the most critical and influential advancement in modern learning theory is that of the 

Rescorla-Wagner model (Rescorla & Wagner, 1972). The Rescorla-Wagner model was able to 

capture fundamental fear learning phenomena unaccounted for by learning previous models (e.g., 

blocking), resulting in a significant paradigm shift in the field regarding the nature of CS, US, 

and CR associations. Unlike earlier S-R learning paradigms used to guide exposure therapy 

theory, the Rescorla-Wagner model asserts that fear responding to CSs is contingent upon their 

predictiveness of previously paired US(s) – a stimulus-stimulus (S-S) association (CS-US; 

Rescorla & Wagner, 1972). Thus, to extinguish a CR (e.g., fear), a given CS (e.g., shape) must 

lessen its status as a predictor of the US (e.g., shock). This is achieved by fear extinction, or 

repeatedly presenting the CS without the US (CS-noUS, shape ⇸ shock). The initial excitatory 

CS-US association is not erased during fear extinction, but rather, newly formed CS-noUS 

association(s) override and inhibit excitatory CS-US associations (Brooks & Bouton, 1994). The 

Rescorla-Wagner model posits that the mismatch between expectation and outcome for a given 

CS – expectancy violation – is critical for new, inhibitory learning to occur during extinction 

(Rescorla & Wagner, 1972).  

Translating Rescorla-Wagner model theory, the recent inhibitory learning model of 

exposure posits fear extinction – rather than fear habituation – to be the critical process 

underlying exposure therapy. Furthermore, the fear extinction process during exposure therapy is 

theorized to be contingent upon the magnitude of violating one’s expectation of their identified 

feared outcome (CS-noUS). As a result, exposure therapy based on inhibitory learning principles 

requires that exercises be designed to target what the client “needs to learn” regarding feared 

outcomes to violate one’s expectancies, rather than directly targeting fear habituation (Craske et 

al., 2008, 2014). Mapping theory to measurement, expectancy violation should serve as the 
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critical index of extinction learning and, as a result, the overall success of exposure-based 

treatments.  

Although inhibitory learning-informed exposure is supported by a substantial body of basic 

experimental findings, there has been minimal investigation as to whether or not expectancy 

violation during exposure trials serves as a better predictor of outcomes when compared with 

traditional fear habituation. Exposure durations that exceeded expectancies for the timing of an 

aversive outcome in individuals with acrophobia (i.e., specific phobia of heights) were found to 

be as effective as standard exposure therapy, even though exposure was conducted over much 

fewer exposure trials (repeated trials of exposure each day vs. one trial of exposure per two days; 

Baker et al., 2010). Expectancy violation, however, was not directly measured. For 

undergraduates with elevated anxiety sensitivity, “intensive” interoceptive exposure that was 

continued until a client’s expectancy for a given feared outcome reached less than 5% 

outperformed standard interoceptive exposure on various outcome measures (Deacon et al., 

2013). However, in this non-treatment seeking sample initial, pre-exposure expectancies 

regarding the participant’s primary feared outcome was relatively low to begin with (35-40%), 

thus limiting the observable effect of the “intensive” condition and generalizability to clinical 

samples. 

In an effort to improve exposure-based therapies, further investigation as to whether or not 

expectancy violation serves as a more reliable predictor of change when compared with fear 

habitation is crucial. Thus, the present study seeks to examine both within-session fear 

habituation and within-session expectancy violation as predictors of pre to post-treatment 

reduction of social anxiety-related symptoms. Based on our updated understanding of fear 

learning, we hypothesize that within-session expectancy violation will be a more potent driver of 
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symptom reduction than within-session fear habituation across all indices. Given that expectancy 

violation should result in subsequent fear reduction, we also hypothesize that within-session fear 

habituation and expectancy violation will possess a significant, positive association. In addition, 

the current investigation sought to establish further evidence for an exposure approach rooted in 

inhibitory learning principles. We hypothesized that inhibitory learning-based exposure would 

produce significant pre to post-treatment symptom change in the absence of exposure practices 

guided by fear habituation.  

 
Methods 

Participants 

Eligible individuals were enrolled in a randomized controlled trial conducted at the 

University of California, Los Angeles, which sought to compare the two competing models of 

exposure therapy – emotional processing theory and inhibitory learning – outlined in detail 

above (Clinicaltrials.gov NCT04048824). Participants assigned to the condition which 

emphasized inhibitory learning were eligible for inclusion in the present analyses, as this 

condition was asked to provide ratings that assessed both expectancy violation and fear 

habituation during exposure exercises. Given the low rate of individuals with panic disorder 

within the sample, we limited our sample to individuals diagnosed with social anxiety disorder 

who completed at least four of nine treatment sessions (n = 17). This method allowed us to 

examine social anxiety disorder-related symptom change. As a result, four individuals were 

excluded from the present analyses due to a principal panic disorder diagnosis, and four to early 

treatment drop-out/study removal. Individuals included in this sample completed an average of 

8.06 sessions (mode = 9). Inclusion criteria for the larger study included (a) a clinical severity 

rating (Brown, Barlow, & Di Nardo, 1994) of 4 or higher on the Structured Clinical Interview for 
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DSM-5 (SCID-5; First, Williams, Karg, & Spitzer, 2016) for either panic disorder or social 

anxiety disorder indicating a moderate to severe diagnosis, (b) either medication-free or 

stabilized on psychotropic medication (i.e., one month for benzodiazepines and beta-blockers 

and three months for SSRIs/SNRIs and heterocyclics), (c) psychotherapy-free or stabilized on 

alternative psychotherapies for at least six months following treatment, (d) English-speaking, 

(e)18-65 years of age. Exclusion criteria consisted of the following: (a) serious medical 

conditions (e.g., respiratory, cardiovascular, pulmonary, neurological, muscular-skeletal 

diseases, uncontrolled hyper- or hypothyroidism, uncontrolled high blood pressure, and history 

of seizures or epilepsy), (b) history of schizophrenia-spectrum disorder, bipolar disorder, 

intellectual disability, or organic brain damage, (c) lifetime history of suicide attempt(s) or active 

suicidal ideation or self-harm within the past year, (d) substance use disorder within the last six 

months, or (e) current pregnancy. The resulting sample was 58.8% female, ranged in age from 18 

– 54 years (Mage = 29.3, SD = 11.4), and was 35.3 % White Non-Hispanic/Latinx, 29.4 % 

Asian, 23.5% White Hispanic/Latinx, 5.9% Non-White Hispanic/Latinx, and 5.9% Unidentified.  

Inhibitory Learning-Based Exposure  

The inhibitory learning condition was comprised of 9 weekly, 1-hr individual 

psychotherapy sessions that involved designing, planning, and practicing exposures to feared 

situations, sensations, or objects. The first session of the consisted of psychoeducation on social 

anxiety or panic disorder, presentation of exposure therapy rationale based in associative 

learning, and development of a fear nexus – an alternative to the fear hierarchy – which identifies 

stimuli that are predictive of a common, feared outcome relevant the individual’s diagnosis (see 

Sewart & Craske, 2020). Sessions two through nine were comprised of conducting in-session 

exposures, designing exposure practices to be conducted outside of session, and consolidating 
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extinction learning from exposure practices. Thus, exposure practices conducted during sessions 

two through nine, either in-session or for assigned practice, were examined in the present 

analyses. Exposure was conducted consistent with modern learning theory approaches (e.g., 

Craske et al., 2008, 2014) and entailed designing exposures to violate the expectation that a 

given CS would lead to a US (i.e., extinction learning; Sewart & Craske, 2020). During the 

creation of the fear nexus, safety behaviors (i.e., conditional inhibitors) were discussed as 

behaviors or stimuli that decrease the expectation of a US and therefore have a deleterious effect 

on extinction learning. Participants were instructed to abstain from all safety behaviors during 

exposures. The duration of a given exposure was determined by the duration necessary to elicit a 

feared outcome and, therefore, could be brief. For example, an individual fearful of social 

rejection (i.e., feared outcome) might engage in several five-minute-long conversations with a 

confederate about controversial topics while abstaining from safety behaviors (avoiding eye 

contact, playing on their phone, etc.). Subsequent exposures may attempt to increase the US 

expectancy, and therefore the potential of extinction learning, by adding additional excitatory 

elements (e.g., pausing multiple times during the conversation). Following each exposure 

practice, the therapist would briefly assist the participant in identifying whether the CS (e.g., 

social interaction) resulted in the US (e.g., rejection) to consolidate extinction learning. Prior to 

and following exposure completion, participants provided both fear and expectancy ratings. 

Given that exposures changed content from session-to-session, we do not possess a pure 

measurement of between-session habituation or expectancy. Thus, the current study will solely 

focus its efforts on examining within-session indices. 

Measures 

Average Within-Session Fear Habituation  
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Using a scale of 0 (No Distress) to 100 (Extreme Distress), participants provided 

subjective units of distress (SUDs; Wolpe & Lazarus, 1966) prior to (i.e., initial SUDs 

rating; What is my current distress as I think about this practice?) and at the termination of each 

exposure practice (i.e., terminal SUDs rating; What is my distress right after the exposure 

practice?). Previous studies have calculated within-session fear habituation as the difference 

between the terminal SUDs rating of a given exposure trial and both the 1) initial SUDs rating 

(Grayson, Foa, & Steketee, 1982) and 2) peak SUDs rating (Kozak et al., 1988). Given that peak 

expectancy was not collected, the former approach was used to represent within-session fear 

habituation. We first calculated within-session fear habituation for each exposure practice by 

subtracting the terminal SUDs rating from the initial SUDs rating, and then dividing this value 

by the initial SUDs rating (initial SUDs rating – terminal SUDs rating / initial SUDs rating). This 

formula provided us with a ratio value that reflected within-session fear habituation wherein 0.0 

was reflective of no within-session fear habitation, and 1.0 was reflective of total within-session 

fear habituation. Average within-session fear habituation was derived from calculating the mean 

within-session fear habitation across all practices.  

Average Within-Session Expectancy Violation 

Participants also provided expectancy ratings of the feared outcome (e.g., 

rejection/humiliation) prior to (initial expectancy; How likely is it that what I am most worried 

about will occur?) and at the termination of each exposure practice (terminal 

expectancy; Imagine I repeated the same exposure practice. How likely is it that what I was most 

worried about before will occur this time?) using a 0 (Not at All Likely) to 100 (Certain) scale. 

Consistent with our within-session fear habituation calculation, we calculated within-session 

expectancy violation for each exposure practice by subtracting the terminal expectancy rating 
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from the initial expectancy rating, and then dividing this value by the initial expectancy rating 

(initial expectancy rating – terminal expectancy rating / initial expectancy rating). Thus, the ratio 

value reflected within-session expectancy violation wherein 0.0 was reflective of no within-

session expectancy violation, and 1.0 was reflective of total within-session expectancy violation. 

Average within-session expectancy represented the mean within-session expectancy violation 

across all practices.  

Social Anxiety-Related Symptoms 

The Liebowitz Social Anxiety Scale: Self-Report (LSAS-SR; Liebowitz, 1987) is a 24-

item measure used to assess self-reported fear and avoidance of social situations (e.g., Acting, 

performing, or giving a talk to an audience; Being the center of attention). Each item is rated on a 

0 (None) to 3 (Severe) Likert scale for fear, and a 0 ( Never; 0% of the time) to 3 (Usually; 67-

100% of the time) Likert scale for avoidance. The LSAS-SR has demonstrated good to excellent 

test-retest reliability and consistency (Baker, Heinrichs, Kim, & Hofmann, 2002; Forni dos 

Santos, Loureiro, Crippa, & Osório, 2013). To capture changes in fear and avoidance, subscales 

scores were considered as separate outcome measures. 

Socially-Relevant Predictions 

We created our own self-report measures to assess the predicted likelihood of a negative 

outcome occurring (likelihood of feared outcome; e.g., How likely is a negative outcome while 

telephoning in public?) and predicted aversiveness if a negative outcome were to occur 

(aversiveness of feared outcome; e.g., How bad would it be if a negative outcome happened 

while telephoning in public?) using the social situations featured on the LSAS-SR. Predicted 

likelihood is representative of the strength of fearful, excitatory associations with social 

situations. Each item was rated on a 0 (Not at All Likely) to 8 (Extremely Likely) Likert scale for 
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predicted likelihood, and a 0 ( Not at All Bad) to 8 (Extremely Bad) Likert scale for predicted 

aversiveness. Test-retest reliability and consistency have yet to be established, given that these 

measures were created for this study.  

Data Analysis 

All analyses were conducted in SPSS Version 25. Independent-samples t-tests were first 

conducted to determine whether individuals missing data on any variable of interest significantly 

differed from individuals with complete data. These t-tests indicated no significant pre-treatment 

differences (ps > .410). Little’s Missing Completely at Random (MCAR) test was also 

nonsignificant, indicating that data were likely missing at random, χ2 (11) = 8.95, p = .62. 

Missing data was managed via mean imputation to retain sample size. Paired samples t-tests 

were conducted to confirm significant change pre to post-treatment for social anxiety-related 

symptoms and predictions. Pre to post-treatment change scores for social anxiety-related 

symptoms and predictions were then calculated to serve as dependent variables (DVs). Separate 

multiple linear regressions with backward elimination of nonsignificant variables were then 

conducted to determine whether within-session fear habitation or expectancy violation 

(independent variables; IVs) predicted change scores for social anxiety-related symptoms and 

predictions. 

Results 

Means and standard deviations of pre and post-treatment outcomes measures, along with 

predictors, are presented in Table 1. Paired samples t-tests comparing pre to post-treatment 

scores confirmed significant change in social anxiety-related fear, t(16) = 4.02, p <.001, social 

anxiety-related avoidance, t(16) = 5.50, p <.001, estimated likelihood of socially-relevant feared 

outcome occurrence, t(16) = 2.87, p = .011, and estimated aversiveness of socially-relevant 
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feared outcomes, t(16) = 2.15, p = .05. Thus, inhibitory learning-informed exposure therapy, 

which did not emphasize fear habituation, resulted in a significant decrease in all social anxiety-

related outcome measures of interest pre to post-treatment. Prior to initiation and after 

completion of exposure exercises, participants completed fear and expectancy ratings – used to 

calculate fear habituation and expectancy violation – an average of 28.17 times. As predicted, 

average expectancy violation and fear habituation were significantly and positively 

associated, r =.84, p < .001. Our measures of likelihood of feared outcome and aversiveness of 

feared outcome created using LSAS-SR scenarios were positively and significantly associated 

with LSAS-SR fear and avoidance subscales, wherein all ps < .02. Bivariate correlations of all 

variables of interest are presented in Table 2. 

Separate multiple linear regressions with backward elimination of predictor variables were 

conducted to determine whether average expectancy violation or fear habituation significantly 

predicted pre to post-treatment change in social anxiety-related outcomes. When examining 

expectancy violation and fear habituation as predictors of pre to post-treatment change for social 

anxiety-related fear, our full model including both predictors was nonsignificant F(2,14) = 

3.73, p = .064. Thus, our least significant contributor to the full model – fear habituation (p = 

.53) – was removed from the analysis. The reduced model revealed that expectancy violation 

significantly predicted pre to post-treatment change in social anxiety-related fear, F(1,14) = 

6.59, p = .02, wherein R2 = .305. As average expectancy violation increased, the change in social 

anxiety-related fear pre to post-treatment also increased. The full model regression examining 

expectancy violation and fear habituation as predictors of change for social anxiety-related 

avoidance was significant, F(2,14) = 6.50, p = .01. However, while expectancy violation 

contributed significantly to the model, (b = .59, p = .04), fear habituation did not (b = .14, p = 
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.59). Eliminating fear habituation from our model revealed that expectancy violation continued 

to significantly predict change in social anxiety-related avoidance, F(1,15) = 6.59, p = .002, 

wherein R2 = .470. As average expectancy violation increased, the change in social anxiety-

related avoidance pre to post-treatment also increased. The full model regression examining pre 

to post-treatment change in the estimated likelihood of socially-relevant feared outcomes 

occurring was nonsignificant, F(2,14) = 1.96, p = .18. As a result, the least significant 

contributor to the full model – expectancy violation (p = .59) – was removed from the analysis. 

The reduced model indicated that fear habituation did not serve as a significant predictor of 

change in the estimated likelihood of socially-relevant feared outcome occurrence, F(1,15) = 

1.95, p = .07. Concluding these analyses, the full model regression examining pre to post-

treatment change in estimated aversiveness of socially-relevant feared outcomes was 

nonsignificant, F(2,14) = 1.96, p = .18. With the least significant contributor to the full model 

removed (fear habituation, p = .56), expectancy violation was still a nonsignificant predictor of 

change in estimated aversiveness of socially-relevant feared outcomes, F(1,15) = 1.75, p = .09. 

Full and reduced models are reported in Table 3.  

Discussion 
 

Exposure is an essential element of cognitive behavioral-based therapies for anxiety and 

threat-related disorders. However, while exposure-based approaches are widely implemented, 

many individuals experience post-treatment return of fear, and others fail to respond to these 

interventions. Critical theoretical updates to associative learning processes have offered 

translational explanations as to why anxious individuals fail to extinguish fear during exposure 

adequately and have provided modernized learning principles which may be adapted to practice 

to enhance outcomes. However, the approach by which exposure-based therapies are conducted 
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remains based on outdated theory and largely unchanged. If exposure-based therapies are to 

improve, further investigation into whether modern learning theory indices may serve as stronger 

drivers of symptom reduction is essential. Thus, the current study sought to examine two 

predictors of change in social anxiety-related symptoms, one based in modern learning theory – 

expectancy violation – and one in traditional exposure theory – fear habituation. In addition, the 

current study also sought to establish efficacy for an exposure approach rooted in inhibitory 

learning principles that do not emphasize fear habituation. 

The present study had several critical findings. First, inhibitory learning-based exposure 

resulted in significant pre to post-symptom reduction of social anxiety-related fear and 

avoidance, in addition to significant reductions in social anxiety-related predictions regarding 

feared outcome likelihood and feared outcome aversiveness. Exposures conducted from an 

inhibitory learning approach were designed to violate the expectation that a given conditional 

stimulus (e.g., speech) would lead to an unconditional stimulus (US; e.g., humiliation/rejection) 

and did not require within-session fear habituation. Pre to post-treatment findings highlight that 

within fear habituation is not a critical guiding principle required to achieve symptom reduction, 

including reductions in symptom-related fear. This exposure approach also resulted in significant 

reductions of socially-relevant feared outcome likelihood predictions (US; e.g., 

humiliation/rejection) and feared outcome aversiveness (US aversiveness) pre to post-treatment. 

Reductions in feared outcome likelihood pre to post-treatment indicate that individuals achieved 

durable, socially-relevant extinction learning over the course of treatment. In addition, reductions 

in predicted feared outcome aversiveness indicated that individuals successfully devalued feared 

outcome aversiveness (i.e., US devaluation). These two findings further suggest that exposure 
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therapy guided by inhibitory learning principles indeed acts through associative learning 

processes. 

Perhaps an even more powerful finding, average within-session expectancy violation acted 

as a significant predictor of pre to post-treatment reductions in social anxiety-related fear and 

avoidance. As average within-session expectancy violation increased, the magnitude of change 

in fear and avoidance pre to post-treatment also increased. These findings provide evidence that 

emphasizing maximal violation of feared outcome expectations is an essential element of 

exposure therapy effectiveness. This relationship was not observed for average within-session 

fear habituation. Lack of evidence for within-session fear habitation aligns with previous null 

findings for this measure as a guide for treatment success. However, inconsistent with our 

hypotheses, neither average within-session expectancy violation nor fear reduction served as 

predictors of socially-relevant feared outcome likelihood and feared outcome aversiveness 

estimations. It is possible that within-session expectancy violation is not a sufficient predictor of 

long-term extinction learning. Another plausible explanation is that not all socially relevant 

situations presented on our measure were properly extinguished during exposure, leading to 

inconsistent ratings across items. Ratings in feared outcome aversiveness may have been affected 

similarly. A common experience during exposures for social anxiety disorder, feared outcome 

aversiveness might also be influenced by occasional reinforcement of CS-US associations during 

exposure trials in which the US (i.e., humiliation/rejection) occurs. This phenomenon is not 

adequately captured in the average within-session expectancy violation. Furthermore, measures 

of feared outcome likelihood and feared outcome aversiveness were created for this study and 

have not been psychometrically appraised, potentially contributing to our absence of findings. 
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Our study possessed limitations worth noting. Our sample size (n=17) was relatively limited 

and homogenous, wherein all participants met diagnostic criteria for social anxiety disorder. As a 

result, the generalizability of our findings remains unclear. Further research with larger sample 

sizes and other disorders is warranted. In addition, we relied on self-report measures as the 

exclusive modality of treatment response, which may have inadvertently inflated ratings. Future 

studies may address this limitation by employing experimental paradigms that more directly 

measure the change in extinction learning mechanisms during treatment. An absence of adequate 

power prevented us from examining average within-session expectancy violation and fear 

habituation as putative mediators, and examining the session-by-session change in our variables 

of interest.  

The current findings give much-needed evidence for within-session expectancy violation 

as a promising predictor of treatment outcome. In addition, an emphasis on fear habituation 

within-session does not appear to be necessary to achieve treatment gains – nor does it predict 

treatment response. Overall, these findings indicate further effort should be made to adapt 

exposure-based therapies to further align with modern learning theory. 
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Table 1 

Means and Standard Deviations of Social Anxiety-Related Symptoms and Predictions, Fear Reduction, and 
Expectancy Violation 

Measure M SD Min Max 

Baseline Fear a  2.18 .40 1.44 3.00 

Baseline Avoidanceb 1.97 .57 1.11 3.00 

Baseline Likelihood of Feared Outcomec 4.31 2.12 1.41 8.00 

Baseline Severity of Feared Outcomed 5.25 1.94 1.96 8.00 

Average Expectancy Violatione .44 .19 .01 .76 

Average Fear Reductionf .42 .22 .10 .85 

Post-treatment Feara  1.58 .71 .37 2.41 

Post-treatment Avoidanceb  1.13 .67 .44 2.19 

Post-treatment Likelihood of Feared Outcomec 2.94 1.55 .52 5.26 

Post-treatment Severity of Feared Outcomed 4.00 2.35 .63 7.50 

Note.  aLiebowitz Social Anxiety Scale: Self-Report (LSAS-SR; Liebowitz, 1987) fear subscale ranges from 0 
(None) to 3 (Severe); bLSAS-SR Avoidance subscale ranges from 0 (Never; 0% of the time) to 3 (Usually; 67-100% 
of the time); cLikelihood of Feared Outcome modified from LSAS-SR ranges from 0 (Not at All Likely) to 8 
(Extremely Likely); dSeverity of Feared Outcome modified from LSAS-SR ranges from 0 (Not at All Bad) to 8 
(Extremely Bad); eExpectancy Violation ranges from 0.0 (no violation of expectancy) to 1.0 (complete violation of 
expectancy); eFear Reduction ranges from 0.0 (no fear habituation) to 1.0  (complete fear habituation).  
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Table 2  

Bivariate Between Group Correlations Among Social Anxiety-Related Symptoms, Socially-Relevant Predictions, Fear Reduction, and Expectancy Violation 

Measure 1 2 3 4 5 6 7 8 9 

1. Baseline Fear  —         

2. Baseline Avoidance  .893*** —        

3. Baseline Likelihood of Feared Outcome .601** .542* —       

4. Baseline Severity of Feared Outcome .693*** .611** .786*** —      

5. Average Expectancy Violation .418 .410 .320 .176 —     

6. Average Fear Reduction .059 .124 .186 -.010 .839*** —    

7. Post-treatment Fear  .293 .405 .145 .158 -.379 -.373 —   

8. Post-treatment Avoidance  .216 .448 -.192 -.175 -.404 -.347 .854*** —  

9. Post-treatment Likelihood of Feared Outcome .444 .392 .397 .367 -.357 -.343 .930*** .698* — 

10. Post-treatment Severity of Feared Outcome .335 .338 -.096 .142 -.478 -.415 .852** .819** .781** 

Note.  ***p < .001, **p < .01, *p <.05 
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Table 3 

Multiple Linear Regressions for Social Anxiety-Related Symptoms, Socially-Relevant Predictions, Fear Reduction, and Expectancy Violation 

 b F df p R2 

Change in Social Anxiety-Related Fear       

       Full Model  3.37 2, 14 .06 .23 

       Reduced Model: Expectancy Violation  .55 6.59 1, 14 .02 .26 

Change in Social Anxiety-Related Avoidance       

       Full Model  6.50 2, 14 .01 .41 

       Reduced Model: Expectancy Violation  .69 13.32 1, 14 .002 .44 

Change in Likelihood of Feared Outcome      

       Full Model  1.97 2, 14 .18 .11 

       Reduced Model: Fear Habituation  .45 3.82 1, 14 .07 .15 

Change in Aversiveness of Feared Outcome      

       Full Model  1.75 2, 14 .21 .09 

       Reduced Model: Expectancy Violation  .42 3.29 1, 14 .09 .13 
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STUDY 2 

PRE-TREATMENT HIPPOCAMPAL FUNCTIONING IMPACTS CONTEXT RENEWAL 

FOR CHOLINERGIC MODULATED EXPOSURE THERAPY 

 

Introduction 

In an effort to improve exposure therapy treatment response and mitigate the return of 

anxiety-related symptoms post-treatment, researchers have sought to augment learning that 

occurs during exposure therapy by bringing preclinical paradigms from ‘bench to bedside.’ 

These augmentation strategies have primarily focused on enhancing consolidation – or 

transforming temporary, labile memory to a more stable, long-lasting state (Squire, Genzel, 

Wixted, & Morris, 2015) – of exposure-related learning with the administration of 

pharmacological agents before and after exposure sessions. One notable example of this 

movement is the use of d-cycloserine – a partial agonist of glycine sites of N-methyl-D-aspartate 

(NMDA) receptor posited to enhance fear extinction consolidation (see Davis, Ressler, 

Rothbaum, & Richardson, 2006) – pre- and post-exposure sessions (e.g., Guastella et al., 2008; 

Hofmann et al., 2006; Norberg, Krystal, & Tolin, 2008). Methylene blue, which increases 

mitochondrial cytochrome oxidase activity, is another such proposed post-exposure ‘cognitive 

enhancer’ of extinction learning retention (Telch et al., 2014; Zoellner et al., 2017). Findings, 

however, for pharmacological augmentation of extinction consolidation have been inconsistent, 

with some subjects fairing worse (e.g., Litz et al., 2012; Telch et al., 2014) while other studies 

finding no group differences with placebo at either post-treatment or follow up (e.g., Tart et al., 

2013; Wilhelm et al., 2008). Further, if the mechanism of action of such cognitive enhancers is 

indeed consolidation or retention of extinction learning, the risk of solidifying less-than-optimal 
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learning with pre-exposure administration is high, making d-cycloserine potentially counter-

therapeutic (Hofmann, 2014).  

Furthermore, while fear acquisition to conditional stimuli readily generalizes to 

perceptually similar contexts, fear extinction is highly context-dependent (Bouton, 2002). Given 

that extinction learning may be bound by context, renewal of conditional fear may occur if the 

surrounding environment is changed between extinction and retest (i.e., context renewal). An all-

too-familiar phenomenon to clinicians, context renewal (CR) following the conclusion of 

exposure therapy has been reliably observed in clinical samples (e.g., Mineka, Mystkowski, 

Hladek, & Rodriguez, 1999; Mystkowski, Craske, & Echiverri, 2002; Mystkowski, Craske, 

Echiverri, & Labus, 2006; Mystkowski, Mineka, Vernon, & Zinbarg, 2003). Augmentation 

strategies aimed at enhancing extinction consolidation may fail to diminish or inadvertently 

enhance context-dependent learning. Animals models have failed to find d-cycloserine exercises 

any attenuation of the renewal effect (Woods & Bouton, 2006). Individuals receiving methylene 

blue post-exposure demonstrated significantly better contextual memory performance at the 

follow-≥÷up when compared with placebo, though results suggest that this did not impact 

generalization of extinction learning (Telch et al., 2014). Overall, these findings suggest 

targeting other associative learning processes to enhance extinction (EX) learning – the proposed 

mechanism of exposure therapy – to more readily enhance outcomes.  

To this aim, we recently sought to ‘downregulate’ the hippocampus (HPC) during EX – a 

brain region involved in spatial-temporal memory (Fanselow, 2000) – to reduce CR and, in turn, 

reduce the return of fear following the conclusion of exposure therapy (Craske, Fanselow, 

Treanor, & Bystritksy, 2019). CR presents itself as an HPC-dependent phenomenon. In rats, 

lesions to the HPC resulted in interference with conditioning to context, but not to a cue (Phillips 
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& LeDoux, 1992). These results have been systematically reproduced with other animal studies 

utilizing lesions or albasions of specific subregions of the HPC (Anagnostaras, Gale, & 

Fanselow, 2001; Saxe et al., 2006). There is evidence to suggest that similar brain mechanisms 

exist cross-species, with the right anterior HPC also demonstrating a role in contextual fear 

conditioning in humans (Alvarez et al., 2008). As with other augmentation strategies, promising 

results prime for translation have first been demonstrated in animal models (Corcoran, Desmond, 

Frey, & Maren, 2005; Zelikowsky et al., 2013). While some methods used to downregulate HPC 

functioning in rodents are permanent and invasive, other pharmacological methods demonstrated 

to be effective are temporary and painless, making them appropriate for human application. We 

found that nasal administration of scopolamine, at either 0.5 mg or 0.6 mg, resulted in 

significantly less post-treatment fear arousal at CR test on certain psychophysiological measures 

with individuals suffering from moderate to severe social anxiety with performance-related 

concerns relative to placebo (see Craske et al., 2019 for details). 

These initial findings regarding scopolamine are promising, however, it is critical to 

corroborate the proposed mechanism of action for scopolamine augmented-exposure – HPC 

downregulation. Understanding who benefits the most from scopolamine by examining 

moderators and predictors of treatment outcome can further validate the decontextualization of 

learning as the process by which scopolamine acts. Given that the HPC is central to contextual 

processing of fear learning (Alvarez et al., 2008; Phillips & LeDoux, 1992), the current study 

seeks to examine pre-treatment HPC functioning, measured through a computerized behavioral 

task, as a moderator of treatment response to scopolamine.  

We hypothesize that individuals who demonstrate high HPC functioning – and as a result 

possess a high capacity for context-bound learning – at pre-treatment are likely to benefit more 
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from augmentation procedures that work through decontextualizing extinction learning as 

scopolamine. Specifically, for individuals receiving scopolamine augmented exposure, we 

hypothesize that individuals with high HPC functioning will experience less return of fear post-

treatment when tested in a different context than exposure therapy (i.e., CR) when compared to 

those with low HPC functioning. Furthermore, individuals with high HPC functioning receiving 

scopolamine are hypothesized to demonstrate less fear at CR test than their placebo counterparts. 

We also hypothesize that pre-treatment HPC functioning will moderate treatment outcomes 

outside of the treatment environment and impact overall social anxiety-related symptoms. 

Specifically, we hypothesize that individuals with high HPC functioning receiving scopolamine 

will demonstrate superior reduction of social anxiety-related symptoms at post-treatment, with 

superior retention of reductions at follow-up compared to those with low HPC functioning. 

Individuals with high HPC functioning receiving scopolamine are also hypothesized to 

outperform their placebo counterparts in symptom reduction through follow-up.  

Methods  

Participants 

Individuals were eligible for inclusion in present analyses if virtual reality (VR) exposure 

therapy sessions, along with pre-treatment HPC assessment and post-treatment CR test and 

extinction (EX) retest, were completed. Participants were randomly assigned to condition, which 

consisted of receiving a placebo, 0.5 mg scopolamine (SCOP 0.5 mg), or 0.6 mg scopolamine 

(SCOP 0.6 mg) solution prior to VR exposures (see Study Procedures for further details). 

Participants and study staff conducting the exposure sessions were blind to drug assignment. The 

present analyses are based on 62 participants (placebo n = 20; SCOP 0.5 mg n = 20; SCOP 0.6 
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mg n = 22). The current sample was 59.7% female and ranged in age from 18–53 years (Mage = 

25.24, SD = 10.02). Further demographic information can be located in Craske et al., 2019.  

Study inclusion criteria included a diagnosis of social anxiety disorder assessed via the 

Anxiety Disorder Interview Schedule for DSM-5 (ADIS-5; Brown & Barlow, 2014) with a 

clinical severity rating of 3 or greater (M = 4.22, SD = .86) and a score of 6 or greater on a 0 – 8 

scale of self-reported fear of public speaking (M = 7.05, SD = 0.74). Exclusion criteria included 

bipolar disorder, psychosis, substance use disorder, as well as medical conditions or medications 

that were contraindicated by scopolamine, as determined by study physicians. Further details 

regarding inclusion and exclusion criteria can be found in Craske et al., 2019.  

Study Procedure 

Virtual Reality Exposure  

Eligible participants were randomly assigned to complete seven sessions of VR exposure 

to public speaking augmented with a) placebo b) SCOP 0.5 mg or c) SCOP 0.6 mg. Each VR 

exposure session consisted of 7, 1-minute speeches, which were conducted in the same physical 

room and VR environment (i.e., same audience scene), with the same experimenter, auditory cue 

to indicate speech termination and onset (i.e., bell or gong), and olfactory cue  (i.e., air freshener 

scent). 

Context Renewal Test and Extinction Retest  

Following completion of exposure sessions, participants completed a post-treatment 

assessment, including a test of CR and retest of EX. Counterbalanced administration of CR test 

and EX retest assessments were conducted an average of 5.5 days (range 1-14 days) after the 

final exposure session. Post-treatment CR test and EX retest were conducted similarly to 

exposure session procedures, with the exception of no drug/placebo administration. To assess 
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CR, contextual elements of both the VR and physical environment were modified during the 

assessment. Novel contextual elements present during CR test not present during exposure 

sessions included: a) VR audience, b) auditory cue to indicate speech termination and onset, c) 

physical room, and d) olfactory cue. Manipulation of multiple contextual elements heightens CR 

and increases external validity (Todd, Winterbauer, & Bouton, 2012). EX retest possessed 

identical contextual elements present during exposure sessions.   

Measures 

Pre-Treatment Hippocampal Functioning 

The Continuous Paired Associate Learning Task (CPAL; Harel et al., 2011) is an HPC-

dependent measure of cue-context learning. Participants are required to learn the location of 

several abstract shapes on a computer screen. The shapes are then covered, and participants are 

then asked to recall and identify the location of the abstract shape when presented in the center of 

the screen, continuing until they correctly identify the location. Subregions of the HPC, 

specifically CA3, appear to possess the necessary mechanisms required for cue-context learning 

in rodents (Gilbert & Kesner, 2002, 2003). Furthermore, the CPAL has been shown to tax the 

HPC and to be affected by scopolamine administration (Harel, Pietrzak, Snyder, & Maruff, 

2013). The dependent variable of interest is the number of errors. Thus, high CPAL-error is 

indicative of low HPC functioning, whereas low CPAL-error is indicative of high HPC 

functioning. The Mnemonic Similarity Task (MST; Stark, Yassa, Lacy, & Stark, 2013), an 

additional task which measures cue-context learning, was given post-scopolamine administration 

and was thus not examined as a measure of baseline HPC.   

Social Anxiety Symptoms 
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The Liebowitz Social Anxiety Scale: Self-Report (LSAS-SR; Liebowitz, 1987) is a 24-

item measure used to assess self-reported fear and avoidance of social situations (e.g., Acting, 

performing, or giving a talk to an audience; Being the center of attention). Each item is rated on a 

0 (None) to 3 (Severe) Likert scale for fear, and a 0 ( Never; 0% of the time) to 3 (Usually; 67-

100% of the time) Likert scale for avoidance. The LSAS-SR has demonstrated good to excellent 

test-retest reliability and consistency (S. L. Baker et al., 2002; Forni dos Santos et al., 2013). The 

LSAS-SR was administered at pre-treatment, post-treatment, and at one month following post-

treatment (follow-up). 

Post-treatment Physiological Arousal and Self-Reported Distress 

Fear at CR test and EX retest were measured via skin conductance and self-reported 

distress levels. Skin conductance, electrical conductivity of the skin, is reflective of 

physiological/psychological arousal and was measured via two 3-mm diameter Ag/AgCl 

electrodes placed on the distal phalanx of the index and middle fingers of the non-dominant 

hand. Psychophysiological measures at CR test and EX retest were recorded using J&J 

Engineering I-330-C2 and Physiolab. 

Skin Conductance Response to CS Termination. Skin conductance response (SCR) to 

CS termination was measured during post-treatment EX retest and CR test. SCR-to-CS 

termination was calculated as the difference between the maximum skin conductance 1–6 secs 

after the ending auditory cue  (bell or gong sound indicating the end of the speech) minus the 

mean skin conductance value of the 2 secs prior to the ending auditory cue. Higher SCR-to-CS 

termination is associated with greater surprise that the US did not occur, and thus is posited to 

measure US expectancy (Spoormaker et al., 2012).  
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Anticipation and Recovery Skin Conductance Level. Mean skin conductance level 

(SCL) was calculated during a 30-second anticipation period (Anticipation SCL), one-minute 

speech (speech SCL), and first 30 seconds of the ITI (Recovery SCL) during EX retest and CR 

test.  

Subjective Units of Distress Scale (SUDS) Ratings. Subjective Units of Distress Scale 

(SUDS; Wolpe, 1969) ratings were obtained at the beginning and end of post-treatment EX retest 

and CR test VR speeches. Participants rated their subjective fear level on a scale from 0-100 

(where 0 = no fear and 100 = extreme fear). 

Data Analysis 

Data were analyzed using multilevel modeling in Stata 16.0, where repeated measures 

(Level 1) were nested within individuals (Level 2). Our first set of analyses tested the extent to 

which pre-treatment error rates on the CPAL task (CPAL-error), indicative of HPC functioning, 

interacted with Scopolamine to predict change in social anxiety symptoms over time. The 

dependent variable (DV) in these analyses was the total score on the LSAS-SR, assessed at pre-

treatment, post-treatment, and one-month follow-up. Remaining consistent with Craske et al., 

2019, we examined SCOP 0.5 mg and SCOP 0.6 mg separately, which allowed us to capture 

dose-response differences in groups if present. Time (pre-treatment, post-treatment, follow-up) 

was a Level 1 variable. CPAL-error was a Level 2 continuous variable. Group (Placebo, SCOP 

0.5 mg, SCOP 0.6 mg) was a Level 2 categorical variable. Thus, model predictors included the 

three-way interaction between Time, Group, and CPAL-error as well as tests of simple effects 

following significant three-way interactions. Critical simple effects tested the interactions 

between Group (Placebo, SCOP 0.5 mg, SCOP 0.6 mg) and CPAL-error (low, high) from pre-

treatment to post-treatment, and from post-treatment to follow-up assessment. 
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Our second set of analyses tested the extent to which CPAL-error predicted differences in 

self-report and physiological responding at CR test relative to EX retest. DVs, assessed in 

independent models, were SCR-to-CS termination, SCL-anticipation, SCL-recovery, and initial 

SUDS rating, assessed at each exposure session (7 total) and at CR test and EX retest. Time (7 

exposure sessions, CR test, EX retest) was a Level 1 variable. Group (Placebo, SCOP 0.5 mg, 

SCOP 0.6 mg) was a Level 2 categorical variable, and number of errors on the CPAL was a 

Level 2 continuous variable. Order (CR test first, EX retest first) was also included in models as 

a Level 2 categorical variable to control for the order of completion of CR test and EX retest, 

counterbalanced across participants. Model predictors included the three-way interactions 

between Time, Group, and CPAL-error as well as tests of simple effects per a priori hypotheses. 

Critical simple effects compared responses at CR test relative to EX retest as a function of 

Scopolamine dosage and CPAL-error. 

To test simple effects, we used the Potthoff extension to the Johnson-Neyman technique 

(Potthoff, 1964) to examine the significance of predicted differences at one SD above the mean 

and one SD below the mean on CPAL-error. In the following results, ‘high CPAL-error’ refers to 

individuals whose number of errors on the CPAL task was one SD above the mean, and ‘low 

CPAL-error’ refers to individuals whose number of errors on the CPAL task was one SD below 

the mean. Thus, simple effects assessed for differences between CR test and EX retest for high 

(+1SD) vs. low (-1SD) CPAL-error within each Group. All reported tests are two-tailed. Models 

included an unstructured variance/covariance structure and randomly varying slopes and 

intercepts. 

Results 

Social Anxiety Symptoms 
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Results are shown in Figure 1. There was a significant 3-way interaction between Group, 

Time, and CPAL-error on social anxiety-related avoidance, Χ2(2) = 7.08, p = .029. Simple 

effects examined change in social anxiety symptoms as a function of CPAL-error and Group 

from pre-treatment to post-treatment and from post-treatment to follow-up assessment. From pre-

treatment to post-treatment, there were no differences in reported symptoms between low and 

high CPAL-error within any Group (ps > .07). However, for participants with low CPAL-error, 

those who were administered SCOP 0.6 mg showed a significantly greater decrease in social 

anxiety symptoms from pre-treatment to post-treatment relative to those who were administered 

SCOP 0.5 mg (b = -26.17, SE = 11.36, z = -2.30, p = .021). No other group differences emerged 

(ps > .23). 

From post-treatment to follow-up assessment, there was a significant difference in social 

anxiety symptom change for low vs. high CPAL-error within the SCOP 0.5 mg group. 

Specifically, SCOP 0.5 mg participants with high CPAL-error showed a significantly greater 

decrease in social anxiety symptoms relative to those with low CPAL-error (b = -20.80, SE = 

7.79, z = -2.67, p = .008). There were no other significant differences as a function of Group or 

CPAL-error (ps > .06). 

Skin Conductance Response to CS Termination 

There was a significant 3-way interaction between Group, Time (7 exposure sessions, CR 

test, EX retest), and CPAL-error on SCR-to-CS termination, Χ2(16) = 29.13, p = .023. Simple 

effects showed that there were no significant differences in SCR-to-CS termination between EX 

retest and CR test as a function of CPAL-error for Placebo (p = .12) or SCOP 0.5 mg (p = .41). 

However, there was a significant difference in SCR-to-CS termination between EX retest and CR 

test as a function of CPAL-error for SCOP 0.6 mg (b = -6.42, SE = 2.10, z = -3.06, p = .002). 
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Specifically, participants who demonstrated low CPAL-error and received SCOP 0.6 mg showed 

significantly reduced SCR-to-CS termination at CR test relative to EX retest (b = -1.99, SE = 

.55, z = -3.65, p < .001). In contrast, participants who demonstrated high CPAL-error and 

received SCOP 0.6 mg showed greater SCR-to-CS termination at CR test relative to EX retest 

(b = 4.43, SE = 1.64, z = 2.69, p = .007). Results are shown in Figure 2. 

Additional simple effects revealed significant group differences in SCR-to-CS 

termination between CR test and EX retest at low and high CPAL-error. At low CPAL-error, 

there was a significant difference between Placebo and SCOP 0.6 mg (b = -1.71, SE = .78, z = -

2.19, p = .029) and SCOP 0.5 mg and SCOP 0.6 mg (b = -1.45, SE = .63, z = -2.29, p = .022). 

SCOP 0.6 mg low CPAL-error individuals showed significantly reduced SCR-to-CS termination 

at CR test relative to EX retest compared to their low CPAL-error counterparts in Placebo and 

SCOP 0.5 mg groups. No significant difference in SCR-to-CS termination for CR test relative to 

EX retest was observed at low CPAL-error between Placebo and SCOP 0.5 mg (p = .69). At high 

CPAL-error, individuals within the Placebo condition demonstrated significantly greater SCR-to-

CS termination at CR test relative to EX retest when compared to SCOP 0.5 mg (b = 3.02, SE = 

1.51, z = 1.99, p = .047). Similarly, at high CPAL-error individuals within the SCOP 0.6 mg 

demonstrated significantly greater SCR-to-CS termination at CR test relative to EX retest when 

compared to SCOP 0.5 mg (b = 4.67, SE = 1.66, z = 2.81, p = .005). No differences in CR test 

relative to EX retest were found between Placebo and SCOP 0.6 mg at high error. Results are 

displayed in Figure 3. 

Anticipation Skin Conductance Level 

There was a significant 3-way interaction between Group, Time (7 exposure sessions, CR 

test, EX retest), and CPAL-error on SCL-anticipation, Χ2(16) = 38.58, p = .001. Simple effects 
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assessed for differences in physiological responding to CR test relative to EX retest. There were 

no significant differences in SCL-anticipation between CR test and EX retest as a function of 

CPAL-error for Placebo (p = .51), SCOP 0.5 mg (p = .10), or SCOP 0.6 mg (p = .78). There 

were additionally no significant Group differences in SCL-anticipation between CR test and EX 

retest within low CPAL-error (ps > .26) or high CPAL-error (ps > .21). 

Recovery Skin Conductance Level 

The 3-way interaction between Group, Time (7 exposure sessions, CR test, EX retest), 

and CPAL-error on SCL-recovery was not significant (p = .28). Simple effects were assessed per 

a priori hypotheses. There were no significant differences in SCL-recovery between CR test and 

EX retest as a function of CPAL-error for Placebo (p = .46), SCOP 0.5 mg (p = .73), or SCOP 

0.6 mg (p = .10). There were additionally no significant Group differences in SCL-recovery 

between CR test and EX retest within low CPAL-error (ps > .20) or high CPAL-error (ps > .07). 

Subjective Units of Distress 

The 3-way interaction between Group, Time (7 exposure sessions, CR test, EX retest), 

and CPAL-error on SUDS was not significant (p = .24). Simple effects per a priori hypotheses 

revealed no significant differences in SUDS ratings between CR test and EX retest as a function 

of CPAL-error for Placebo (p = .36), SCOP 0.5 mg (p = .71), or SCOP 0.6 mg (p = .44). There 

were additionally no significant Group differences in SUDS ratings between CR test and EX 

retest within low CPAL-error (ps > .51) or high CPAL-error (ps > .06). 

 

Discussion 

In an effort to enhance exposure-based treatment outcomes, our recent randomized 

controlled trial sought to decontextualize extinction learning through nasal administration of 
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scopolamine – a muscarinic-cholinergic receptor antagonist – prior to virtual reality (VR) 

exposure therapy for moderate to severe social anxiety with performance-related concerns 

(Craske et al., 2019). Nasal administration of scopolamine, at either 0.5 mg or 0.6 mg, resulted in 

trends for less post-treatment context renewal and significantly less fear at follow-up on certain 

psychophysiological measures of fear arousal relative to placebo. This present study sought to 

understand who benefits from scopolamine augmented-exposure by examining a 

mechanistically-informed moderator of treatment outcome, hippocampal (HPC) functioning. 

Given that scopolamine downregulates the HPC, we proposed that pre-treatment HPC 

differences should influence treatment outcomes. In general, we hypothesized that individuals 

who demonstrate high HPC functioning – and as a result possess a high capacity for 

contextualized learning – at pre-treatment are likely to benefit more from scopolamine. Thus, we 

examined pre-treatment HPC functioning, measured by performance on a computerized cue-

context learning task, as a moderator of post-treatment context renewal test relative to extinction 

retest, along with social anxiety symptoms across pre-treatment, post-treatment, and follow-up. 

Overall, marginal support was found for our hypotheses. 

In support of our hypothesis, individuals with high HPC functioning randomized to 0.6 

mg of scopolamine (SCOP 0.6 mg) demonstrated a greater decrease in social anxiety-related 

symptoms from pre- to post-treatment than those with high HPC functioning in the 0.5 mg 

scopolamine group (SCOP 0.5 mg). On the other hand, post-treatment to follow-up, SCOP 0.5 

mg individuals with low HPC functioning showed a greater decrease in social anxiety-related 

symptoms post-treatment to follow-up relative to SCOP 0.5 mg high HPC functioning 

individuals. No significant differences in social anxiety symptom change within the Placebo 

condition between low and high HPC functioning were observed pre-treatment to post-treatment, 
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or post-treatment to follow-up. Similarly, no significant differences in symptom change were 

observed between Placebo and either SCOP 0.5 mg or SCOP 0.6 mg from pre-treatment to post-

treatment, or post-treatment to follow-up.  

Given that high HPC functioning individuals in SCOP 0.5 mg or SCOP 0.6 mg did not 

demonstrate a significant difference in symptom reduction pre-treatment to post-treatment 

relative to their Placebo equivalents, we cannot fully support our hypothesis that high HPC 

functioning individuals fair better with scopolamine administration. Within SCOP 0.5 mg, 

significant symptom reduction continued to occur from post-treatment to follow-up for 

individuals with low HPC functioning when compared to symptom worsening made by those 

with high HPC functioning. This finding runs counter to our hypothesis that individuals with 

high HPC functioning would continue to fair better post-treatment. Through the reduction of 

context-bound learning during exposure, more generalization of extinction learning is expected. 

This clinically translates to individuals approaching more social situations with less fear of 

humiliation/rejection. Given that scopolamine is a time-limited downregulation of the HPC, it 

may not be sufficient to offset the consequence of trait characteristics involving high HPC 

functioning – conceivably, such traits may render extinction learning post-treatment more tied 

with the specific context in which it occurred, thereby restricting continued generalization and 

symptom improvement. Further investigation regarding the durability of scopolamine’s effects 

with larger samples is required.  

 In support of hypotheses, pre-treatment HPC moderated psychophysiological response. 

Within the SCOP 0.6 mg group, individuals with high HPC functioning showed reduced skin 

conductance response (SCR) to the conditional stimulus (i.e., speech) termination at context 

renewal test relative to extinction retest. In contrast, SCOP 0.6 mg individuals with low HPC 
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functioning demonstrated greater SCR-to-CS termination at context renewal test relative to 

extinction retest. Higher SCR-to-CS termination is indicative of a fearful response to the period 

during which the US was expected to occur, or the US-omission response (Spoormaker et al., 

2012). Thus, those with high HPC functioning in the SCOP 0.6 mg group appeared to 

be less fearful of humiliation/rejection when giving a speech in a new context (context renewal 

test) than when presenting a speech in the original context in which exposure sessions were 

completed (extinction test); the opposite was demonstrated with low HPC functioning 

individuals in the SCOP 0.6 mg group. This set of findings suggests that scopolamine mitigates 

context renewal more effectively for individuals with high HPC functioning. Craske et al. 2019 

found SCR-to-CS termination to be significantly lower at context renewal in the SCOP 0.6 mg 

group compared to Placebo. Evidence of moderation by HPC functioning further contextualizes 

these findings and suggests that group differences were likely driven by high HPC functioning 

individuals. These results, however, were not replicated in the SCOP 0.5 mg group. Nor were 

they corroborated with our other psychophysiological measures of fear learning – SCL-

anticipation, SCL-recovery, or self-reported subjective units of distress (SUDs). Furthermore, 

consistent with self-reported social anxiety symptoms, no significant differences in SCR-to-CS 

termination at context renewal test relative to extinction retest were observed within the Placebo 

group at either high or low HPC functioning.  

Examining SCR-to-CS termination differences between groups at high and low HPC 

functioning revealed a similar pattern of results. Suggesting a dose-response relationship for high 

HPC functioning individuals, reduced fear at context renewal test relative to extinction retest was 

significantly greater for the SCOP 0.6 mg group when compared to both SCOP 0.5 mg and 

Placebo. For individuals with low HPC functioning, significantly greater fear at context renewal 
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test relative to extinction retest was exhibited for the SCOP 0.6 mg and placebo groups relative 

to SCOP 0.5 mg. While low HPC functioning individuals in Placebo and SCOP 0.6 mg groups 

exhibited CR, this effect was not found for SCOP 0.5 mg. Why context renewal was not 

observed for SCOP 0.5 mg low HPC individuals remains unclear. Differences at high and low 

HPC functioning across groups were not corroborated with SCL-anticipation, SCL-recovery, or 

SUDs. 

Limitations to our current investigation include a limited sample size, which 

compromised power to detect moderation effects. Results were further complicated by two 

groups receiving scopolamine at similar dosages, which limited the ability to observe the HPC’s 

role in outcome measures for augmented exposure. As noted in Craske et al., 2019, further 

investigation of scopolamine is needed with higher dosages. 

Overall, our study provided further evidence that scopolamine-augmented exposure is 

likely to be working through the HPC, and that pre-treatment HPC functioning interacts with 

scopolamine to limit context renewal effects. These findings highlight the critical nature of 

determining who benefits most from augmentation strategies prior to mass implementation. 

However, HPC functioning is only one neurobiological piece to the complex puzzle of anxiety 

psychopathology. Other theory-relevant moderators may also be implicated in the lack of 

consistent findings for both the current study and other pharmacologically-augmented exposure 

strategies (e.g., d-cycloserine). Scopolamine remains a promising augmentation agent, and 

additional research required to further understand its effects.  
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STUDY 3 

GENERALIZATION OF FEAR EXTINCTION AND RETURN OF FEAR IN HEALTHY 

AND ANXIOUS INDIVIDUALS 

 
 

Introduction 

Exposure, a standard behavioral intervention for anxiety and threat-related disorders, 

manifests in a variety of therapeutic strategies – all of which consist of repeated, systematic 

confrontation of feared stimuli (Craske, Treanor, Conway, Zbozinek, & Vervliet, 2014). One 

such method is in vivo exposure wherein individuals are strategically exposed to feared objects, 

situations, or activities. Exposure in vivo is a common procedure for the majority of anxiety and 

threat-related disorders including social anxiety disorder (e.g., Turk, Heimberg, & Hope, 2001), 

specific phobia (e.g., Choy, Fyer, & Lipsitz, 2007), obsessive-compulsive disorder (e.g., 

Abramowitz, 2006), panic disorder (e.g., Barlow & Craske, 2006), and posttraumatic stress 

disorder (e.g., Foa, Keane, Friedman, & Cohen, 2008). However, while in vivo exposure 

approaches have consistently demonstrated a high level of effectiveness in the reduction of 

anxiety-related symptoms pre to post-treatment, ‘return of fear’ following exposure therapy is a 

common occurrence (e.g., Craske & Mystkowski, 2006; Mineka, Mystkowski, Hladek, & 

Rodriguez, 1999; Mystkowski, Craske, & Echiverri, 2002; Mystkowski, Mineka, Vernon, & 

Zinbarg, 2003; Rowe & Craske, 1998). 

Recent theoretical updates to associative learning suggest fear extinction to be the critical 

mechanism underlying exposure-based approaches (Craske et al., 2008, 2014; Rescorla & 

Wagner, 1972). Translating learning theory principles to the clinical practice of in vivo exposure, 
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reduction or elimination of conditional responding (CR; i.e., fear/anxiety) is achieved by 

lessening the status of an excitatory conditional stimulus (CS+; e.g., dog) as a predictor of an 

unconditional stimulus (US; e.g., bite) through repeated presentations of said CS+ in absence of 

the expected, US (no-US; e.g., no bite). As a result of new learning, excitatory CS−US 

associations are inhibited by new CS−noUS associations, resulting in a gradual decay of 

fear/anxiety (i.e., CR; Bouton, 2002; Rescorla & Wagner, 1972). Inhibitory associations 

developed during fear extinction are, however, not restricted to the initial CS+. Separately, 

through the process of learning generalization, stimuli with a similar appearance to the initial CS 

– generalization stimuli (GSs) – also acquire predictive associations to the US and, as a result, 

may either elicit or suppress a similar CR (Lissek et al., 2008; Vervliet, Vansteenwegen, 

Baeyens, Hermans, & Eelen, 2005; Vervliet, Vansteenwegen, & Eelen, 2004). In practice, feared 

stimuli presented during in vivo exposure are rarely, if ever, identical to those present when fear 

was first acquired – making them more of a theoretical GS than a CS (Barry, Griffith, Vervliet, 

& Hermans, 2015). Thus, generalization of extinction learning is a critical learning process 

required for in vivo exposure-based therapies to be effective.  

The unavoidable use of GSs in in vivo exposure is problematic when considering the 

leading model of associative learning which posits that generalization of associative learning 

from a CS+ to a GS (Blough, 1975; Miller, Barnet, & Grahame, 1995; Rescorla, 1976) is a 

function of the degree to which perceptual elements are shared between CS and GS. For 

example, fear is extinguished with a GS that shares common elements with the initial CS, but 

also possesses unique elements of its own. Elements of the initial CS not present during 

extinction retain unextinguished, excitatory properties, resulting in greater fear at extinction 

retest to the CS than if the CS had been presented during the extinction phase. Furthermore, 
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inhibitory learning that develops as a result of in vivo exposures may be dependent upon the 

presence of unique perceptual features of the GS. Specifically, novel features of the GS may 

acquire inhibitory value during nonreinforced trials, wherein the nonoccurrence of the US is 

attributed to these features.   

As a result, inhibitory learning developed during extinction using a GS may not 

adequately inhibit the original CS−US association. Indeed, the return of fear has been 

demonstrated in both in laboratory-based fear conditioning paradigms in humans and animals 

when stimuli or contexts used during extinction differ from those which were present during fear 

acquisition (Bouton, 2004; Vansteenwegen et al., 2005; Vervliet et al., 2005; Vervliet, 

Vansteenwegen, & Eelen, 2006; Zbozinek & Craske, 2018). Limitations to generalization of 

extinction learning may place individuals at risk of ‘return of fear’ and relapse after treatment if 

the original CS is encountered. However, what is more probable than coming into contact with 

the original CS – the dog that bit you – post-extinction is encountering a different GS with its 

own unique features. Return of fear has been demonstrated in animals in novel contexts that were 

not present at acquisition or extinction (i.e., ABC renewal; Bouton, Todd, Vurbic, & 

Winterbauer, 2011; Thomas, Larsen, & Ayres, 2003). In terms of novel stimuli, Kalish and 

Haber (1963) found that after reinforcing pigeons to peck in response to a disk illuminated at 

550-micrometer wavelength (mµ) and extinguishing the behavior at lower wavelengths (e.g., 

470-mµ), the conditioned pecking response returned to when the pigeon was presented with 

illuminated discs that possessed a wavelength that fell between the acquisition and extinction 

wavelengths (e.g., 510-mµ).  

Many fear conditioning studies demonstrating generalization of extinction learning, 

however, have primarily relied upon simple geometric shapes (e.g., orange triangle) to serve as 
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conditional stimuli which lack the complexity of real-world stimuli individuals may encounter 

during or after an aversive event (Lissek et al., 2008; Zbozinek & Craske, 2018). Other fear 

conditioning studies have employed animals (e.g., Dunsmoor, White, & LaBar, 2011) or facial 

morphs (e.g., Dunsmoor, Mitroff, & LaBar, 2009) as conditional stimuli. Such studies may 

possess a different problem of individual differences in perceived valence or arousal of a 

particular image influenced by one’s own previous experience with similar stimuli (Barry, 

Griffith, De Rossi, & Hermans, 2014).  

To address limitations of traditional fear conditioning stimuli and better investigate the 

role of perceptual similarity between acquisition, extinction, and subsequently encountered 

stimuli, Barry et al. (2015) conducted a study in healthy controls (undergraduates) using complex 

stimuli. These complex stimuli consisted of artificial, two-dimensional abstract shapes and color 

that paralleled real-world animals. First, an animal-like stimulus (A; CSa+), ‘fribble,’ was paired 

with a shock stimulus (US). A perceptually similar generalization stimulus (B; GSa1) was shown 

during the extinction phase, without shock pairings (noUS). After extinction, participants were 

either shown CSa+ (ABA+), GSa1 (ABB+), or a novel generalization stimulus (GSa2) that 

shared features of both A and B (ABC+). During test, participants shown the novel stimulus 

GSa2 (ABC+) and the original acquisition stimulus CSa+ (ABA+) showed a greater return of 

expectancy than those tested with the extinction stimulus (ABB+).  

Aberrant fear learning processes are implicated in the development and maintenance of 

anxiety disorders (Craske, Hermans, & Vansteenwegen, 2006), with anxious individuals 

demonstrating differential trends in fear acquisition, extinction, and return of fear (Duits et al., 

2015; Lissek et al., 2005). However, ways in which perceptual similarity may influence 

extinction and return of fear in individuals with anxiety disorders remains unknown. Further 
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understanding the role of perceptual similarity in fear learning processes has immense clinical 

utility, as this may help guide clinicians towards more effective stimuli to employ in vivo. Thus, 

the current study aimed to investigate group differences in extinction generalization of perceptual 

stimuli and the subsequent return of fear between individuals with and without anxiety disorders. 

Given previous evidence that anxious individuals have demonstrated less extinction learning 

generalization when tested with similar yet novel stimuli and contexts in other fear conditioning 

paradigms (e.g., Lissek & Grillon, 2010; Lissek et al., 2014), we hypothesize the following. In 

comparison to individuals without anxiety disorders, individuals with anxiety disorders will 

experience more return of fear at test when presented with the original conditional stimulus when 

fear is extinguished with a generalization stimulus (ABA+). Furthermore, we hypothesize that in 

comparison to individuals without anxiety disorders, individuals with anxiety disorders will also 

experience more return of fear at test when presented with a similar yet novel generalization 

stimulus when fear is extinguished with a generalization stimulus (ABC+). To observe general 

group differences, we also examined fear acquisition and extinction phases. 

 

Methods 

Participants 

Our anxiety disorder sample (n = 37) was derived from a randomized controlled trial 

(RCT) conducted at the University of California, Los Angeles, which sought to compare two 

different models of exposure therapy for anxiety disorders (Clinicaltrials.gov NCT04048824). 

Anxious individuals were eligible for inclusion in present analyses if they completed self-report 

measures and our basic fear conditioning paradigm designed to examine extinction 

generalization and return of fear at baseline, both administered prior to intervention procedures 
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(see Apparatus and Stimuli). Inclusion criteria for the larger treatment study included (a) a 

clinical severity rating (Brown, Barlow, & Di Nardo, 1994) of 4 or greater on the Structured 

Clinical Interview for DSM-5 (SCID-5; First, Williams, Karg, & Spitzer, 2016) for either panic 

disorder or social anxiety disorder indicating a moderate to severe diagnosis, (b) either 

medication-free or stabilized on psychotropic medication (i.e., one month for benzodiazepines 

and beta-blockers and three months for SSRIs/SNRIs and heterocyclics), (c) psychotherapy-free 

or stabilized on alternative psychotherapies for at least six months following treatment, (d) 

English-speaking, (e) 18-65 years of age. Exclusion criteria consisted of the following: (a) 

serious medical conditions (e.g., respiratory, cardiovascular, pulmonary, neurological, muscular-

skeletal diseases, uncontrolled hyper- or hypothyroidism, uncontrolled high blood pressure, and 

history of seizures or epilepsy), (b) history of schizophrenia-spectrum disorder, bipolar disorder, 

intellectual disability, or organic brain damage, (c) lifetime history of suicide attempt(s) or active 

suicidal ideation or self-harm within the past year, (d) substance use disorder within the last six 

months, or (e) current pregnancy. The resulting anxiety disorder sample was 70.27% female, 

ranged in age from 18 – 57 years (Mage = 29.54, SD = 11.544). 

Eligible participants without anxiety disorders (n = 30) consisted of undergraduate 

volunteers who received course credit for participation, along with community members who 

were monetarily compensated $30 for study completion. Healthy participants were eligible for 

inclusion in present analyses if self-report measures and our basic fear conditioning paradigm 

designed to examine extinction generalization and return of fear were completed. Inclusion 

criteria for study participant were comprised of (a) a score of 59 or below on the Liebowitz 

Social Anxiety Scale: Self-Report (LSAS-SR; Liebowitz, 1987, M = 25.96; SD = 18.60) (b) a 

score of 8 or below on the Panic Disorder Severity Scale Self-Report (PDSS-SR; Shear et al., 
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2001; M = .39; SD = 1.06), (c) English-speaking, and (d) 18-65 years of age. Exclusion criteria 

consisted of the following: (a) serious medical conditions, (b) physician’s recommendation to 

avoid stressful situations, (c) current pregnancy, and (d) self-reported serious hearing 

impairment. The resulting without anxiety disorder sample was 63.33% female, ranged in age 

from 18– 56 years (Mage = 27.63, SD = 11.451). 

Procedures 

Fear conditioning procedures required two days, occurring approximately seven days 

apart (MDays = 7.866, SD = 2.982). Fear conditioning procedures were uniform for participants 

with and without anxiety disorders. For each group, participants provided informed consent for 

overall study procedures, completed self-report measures, and physiological equipment was then 

attached. Participants then engaged in a ‘shock work-up procedure’ to calibrate the individual 

intensity of the US. Shocks started at a low intensity and increased to the level at which the 

participant considered the sensation “uncomfortable but not painful” (i.e., a rating of 6 or 7) 

using a 0–10 discomfort scale (0 = “Not at all,” 5 = “Moderately,” and 10 = “Very”). Participants 

were then trained to use the shock US-expectancy dial. Participants then underwent the 

acquisition (7 CSa+/US, 7 CSb+/US, 14 CS–) and extinction (11 CSa+/noUS, 11 GSb+/noUS, 

11 CS–) phase. On Day 8, physiological equipment was again attached, and extinction retest was 

conducted (2 CSa+/noUS, 2 CSb+/noUS, 2 GSb2+/noUS, 2 CS–). An overview of the 

experimental procedure with CS presentation can be found in Table 1. 

Materials and Apparatus  

The fear conditioning procedure was programmed using E-Prime 2 Professional Version 

2.0.10.353. All CSs presented during the fear conditioning paradigm were modeled after Barry et 

al., 2014, and consisted of artificial, two-dimensional combinations of abstract shape and color 
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that mimicked the general structure of real-world animals. Each stimulus ‘species’ in the 

experiment was constituted by a unique central body structure with four unique appendages – 

head, fin, tail, and feet (see Figure 7). Further strengthening perceptual similarity within a given 

stimuli species, each possessed a unique central body-color (e.g., purple) and a unique 

appendage color (e.g., orange). All members of a given stimuli species were compromised by an 

identical head and central body structure. Stimuli species assigned to serve as CS+s and CS− 

were counterbalanced across participants. During the acquisition phase, three stimuli of different 

species served as the CSa+, CSb+, and CS-. At extinction, CSa+, GSb1+, CS- were presented. 

GSb1+ was of the same stimuli species as CSb+ and, as a result, shared species-specific features 

with CSb+, including color, head shape, and central body shape. GSb1+ possessed a unique fin, 

tail, and feet than that of CSb+. During fear extinction retest, participants were presented with 

presented with CSa+ (AAA+), CSb+ (ABA+), GSb2+ (ABC+), and CS− (AAA−). The GSb2+ 

was of the same species of CSs as CSb+ and GSb1+ (i.e., same color, head shape, and central 

body shape), but shared features with of GSb1+ (i.e., same fin and feet) and CSb+ (i.e., same 

tail). 

CSs were displayed on a 21-inch computer monitor for 8 s located 3 feet from the 

participants at eye level. CS presentation was pseudo-randomized, with no more than two 

consecutive presentations of the same CS in a given phase. Inter-trial intervals consisted of a 

white screen with a centered, black fixation cross and were randomized to 25 or 35s in duration. 

Electric muscle stimulation (i.e., shock) was used as the US during acquisition. The shock US 

was delivered to the dominant arm bicep using the STMISOLA, two LEAD110A (BIOPAC, 

Inc.), and two Telectrode T716 Ag/AgCl electrodes. The shock consisted of 10 consecutive 

pulses 0.05 s in duration, totaling 0.5 s. During the acquisition phase, the shock US began 7.5 s 
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after CS+ onset and co-terminated with the CS+s. The US’s intensity was determined using a 

standardized work-up procedure, wherein shock was delivered at a level that was deemed 

“uncomfortable, but not painful” by each participant (see Procedures). 

Psychophysiological Measures 

All psychophysiological data were acquired via BIOPAC MP150 hardware and 

AcqKnowledge 4.3 software. Data was processed using ANSLAB. 

US-expectancy ratings. To assess US-expectancy, participants rated how certain they were of 

receiving the unconditional stimulus (i.e., US) – shock– using a sliding switch with the anchors 

“Certain No Shock” and “Certain Shock” on either end, and “Uncertain” in the center. 

Participants were asked to “Please rate how certain you are that you will receive an electric 

shock in the next few moments”, and were instructed to move the switch any time their 

expectancy changed. Participants provided ongoing US-expectancy ratings of stimuli throughout 

all phases of the fear conditioning paradigm. Participants’ ratings were prompted with “Electric 

Shock?”, which appeared at the bottom of the screen during the first eight seconds of each ITI, 

CS, and GS. US-expectancy was calculated as the mean rating 6.5–7 s after CS, GS, and ITI 

onset. 

Self-reported fear ratings. Participants provided fear ratings for each CS on a 1 to 7 

Likert scale, wherein 1 represented “Not at all fearful of” and 7 represents “Very fearful of”. 

Fear ratings were collected following acquisition, extinction, and extinction retest. 

Eyeblink startle reflex (SR). The startle reflex (SR) was measured with 

electromyography orbicularis oculi activity under the left eye using two EL254S 4mm Ag/AgCl 

electrodes filled with SignaGel electrode gel and measured with the EMG100C amplifier. 

Electrode placement was 1cm beneath the outer corner of the eye. The second electrode was 
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placed 1cm medial to the first electrode and 1cm beneath the bottom eyelid such that the pair of 

electrodes run parallel to the bottom eyelid (Fridlund & Cacioppo, 1986). The startle probes (i.e., 

acoustic startle stimuli delivered to elicit eyeblink startle reflexes) consisted of 50 milliseconds, 

102 dB bursts of “white noise” with an instantaneous rise time delivered binaurally through 

stereophonic headphones. Startle probes occurred 7 seconds after CS/GS onset and at 10, 13.5, or 

17 seconds after onset of the inter-trial interval (i.e., ITI), averaging at 13.5 seconds. Startle 

habituation prior to acquisition (Day 1) and extinction test (Day 2) consisted of 10 startle probes 

across a 2.5-minute period during a blank white screen. Data were sampled at a rate of 2kHz. 

Data were filtered with a notch filter of 50Hz, a high pass filter of 28Hz, and a low pass filter of 

15.9155Hz; data were also rectified and smoothed using a moving average. Startle reflex was 

calculated as the difference between the absolute maximum EMG level in volts during the 20ms-

150ms immediately after the startle probe and the mean EMG level in volts during the 200ms 

immediately preceding the startle probe. EMG data were then transformed into a within-subjects 

t-score using responses to all CSs/GSs and ITIs across both days (startle habituation trials were 

excluded from t-score calculations). 

 Skin conductance response (SCR). SCRs were recorded as a measure of arousal from 

two EL507 11 mm diameter Ag/AgCl electrodes placed on the distal phalanx of the index and 

middle fingers of the non-dominant hand (e.g., Bradley et al., 1990). Using a GSR100C amplifier 

and two LEAD110A, SCR data were sampled at a rate of 31.25 Hz and filtered using a low pass 

filter with a frequency cutoff fixed at 1Hz. SCR was calculated as a difference score between the 

maximum skin conductance value 1–6 s after CS, GS, or US onset minus the mean skin 

conductance value of the 2 s prior to CS, GS, or US onset. SCR was range-corrected by dividing 

by the largest SCR for a given participant across both days. SCRs that were greater than or equal 
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to zero were square-root transformed to normalize the data. SCRs less than zero were coded as 

zero. 

Data Analysis 

All analyses were conducted in SPSS Version 25. Independent samples and 

nonparametric Mann-Whitney U-tests were first conducted to confirm that no significant 

differences were present for age or gender between our two samples, ps > .555. Dependent 

variables (DVs) of interest included US-expectancy, self-reported fear, skin conductance 

response (SCR), and eyeblink startle reflex (SR). Three-factor repeated measures analysis of 

variance (ANOVAs) models were performed for acquisition and extinction phases for the 

following DVs: US-expectancy, SCR, and SR. For these DVs, CS–Type and Phase Time (early 

trials vs. late trials of phase nested within CS–Type) were within-subject factors, with Group 

(individuals with and without anxiety disorders) serving as the between-subjects factor. Early 

and late-phase acquisition were represented by the response average over the first three and last 

three acquisition trials for each CS–Type, respectively. Similarly, early and late-phase extinction 

were represented by the response average over the first four and last four extinction trials for 

each CS–Type. As self-reported fear was collected at the end of each phase (acquisition, 

extinction, extinction retest), two-factor repeated-measures ANOVAs models – without the 

Phase Time factor – were performed for self-reported fear at acquisition and extinction. At 

acquisition, all DV values for CSa+ and CSb+ were averaged together to represent an overall 

CS+ score. Extinction retest consisted of two trials of each CS. Thus responses were combined to 

produce an average DV value for each CS–Type at extinction retest. Two-factor repeated 

measures analysis of variance (ANOVAs) models were performed for the extinction retest phase 

wherein CS–Type served as the within-subject factor, and Group the between-subjects factor. If 
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a significant main effect or interaction was observed, follow-up pairwise comparison t-tests with 

Bonferroni correction were conducted to contextualize findings further. 

 

Results 

Results for US-expectancy, self-reported fear, skin conductance response, and eyeblink 

startle reflex across all phases of the fear conditioning paradigm are displayed in Figure 1.  

Acquisition 

US-Expectancy 

A main effect of Stimulus, F(1,65) = 207.351, p < .001, ηp2 = .761, Group, F(1,65) = 

5.499, p = .022, ηp2 = .078, an interaction between Stimulus by Group, F(1,65) = 13.676, p < 

.001, ηp2 = .174, and an interaction between Stimulus by Phase Time, F(1,65) = 109.601, p < 

.001 , ηp2 = .628, was observed for US-expectancy ratings at acquisition. No other significant 

effects were found, ps > .130. Follow-up pairwise comparisons with Bonferroni correction 

reflected that across acquisition, both those with (Mean Diff. = 3.332; SE = .410; p < .001) and 

without anxiety disorders (Mean Diff. = 5.635; SE = .469; p < .001) acquired significantly 

greater US-expectancy for the CS+s (CSa+ and CSb+) in comparison to the CS–. Furthermore, 

individuals with anxiety disorders showed greater US-expectancy for the CS– than those without 

(Mean Diff. = 1.867; SE =.503; p < .001). No significant group difference was evident for US-

expectancy ratings for CS+s (Mean Diff. = .436; SE = .357; p = .226). Collapsing across groups, 

CS+s had acquired greater US-expectancy than the CS– at both early-phase (Mean Diff. = 

2.530; SE = .305; p < .001) and late-phase acquisition (Mean Diff. = 6.438; SE = .413; p < .001). 

Reflecting stimulus discrimination, US-expectancy for CS+s significantly increased from early 
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to late-phase acquisition, Mean Diff. = -1.689; SE = .146; p < .001, whereas US-expectancy for 

the CS– significantly decreased (Mean Diff. = 2.218; SE = .351; p < .001). 

Self-Reported Fear 

A main effect of Stimulus, F(1,65) = 68.709, p < .001, ηp2 = .512, and Group, F(1,65) = 

11.308, p = .001, ηp2 = .145 was observed for self-reported fear ratings following the acquisition 

phase. However, no or Stimulus by Group interaction was found, F(1,65) = .152, p = .698, ηp2 = 

.002. Overall, individuals with anxiety disorders reported greater fear of stimuli (Mean Diff. = 

.997; SE = .294) and all participants reported greater fear towards the CS+s relative to the CS– 

(Mean Diff. = 1.973; SE = .239).  

Skin conductance response (SCR) 

A main effect of Stimulus, F(1,65) = 8.102, p = .006, ηp2 = .111, Phase Time, F(1,65) = 

8.168, p = .006, ηp2 = .112 , and an interaction of Stimulus by Phase Time F(1,65) = 15.935, p < 

.001, ηp2 = .197 was found for SCR. No main effect of Group, F(1,65) = .026, p = .872, ηp2 = 

.000, or other interactive effects were observed, ps > .267. Collapsing across groups, follow-up 

pairwise comparisons with Bonferroni correction showed significantly reduced SCR for the CS– 

at late-phase acquisition when compared to early-phase acquisition (Mean Diff. = .095; SE = 

.023; p < .001); no difference in SCR was observed between the early and late-phase acquisition 

for CS+s (Mean Diff. = .015; SE = .015; p = .336). Relatedly, no difference between the CS+ 

and CS– was observed at early-phase acquisition (Mean Diff. = .012; SE = .019; p = .550), but 

was evident at late-phase acquisition wherein the greater SCR was demonstrated for the CS+ 

(Mean Diff. = .097; SE = .021; p < .001).  

Eye blink startle reflex (SR) 
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A main effect of Phase Time, F(1,65) = 7.876, p = .007, ηp2 = .108, an interaction of 

Phase Time by Group, F(1,65) = 4.934, p = .030, ηp2 = .071, and a three-way interaction of 

Stimuli by Phase Time by Group for EMG was observed at acquisition, F(1,65) = 4.110, p = 

.047, ηp2 = .059. No other effects were observed. Follow-up pairwise comparisons with 

Bonferroni correction reflected that individuals with anxiety disorders demonstrated increased 

SR to the CS– at late-phase acquisition when compared to individuals without anxiety disorders 

(Mean Diff. = 2.809, SE = 1.601; p = .010). For participants without anxiety disorders, there was 

significantly greater SR observed for the CS– at early-phase acquisition (Mean Diff. = 

2.828; SE = 1.099; p = .012). Other comparisons were non-significant, ps > .135. 

Acquisition Summary 

In summary, there was evidence that differential conditioning was acquired for the CS+s, 

compared to the CS– for US-expectancy, self-reported fear, and SCR. There was also evidence 

of group differences across acquisition such that individuals with anxiety disorders showed 

enhanced self-reported fear for both the CS+ and CS– compared to those without anxiety 

disorders. In addition, individuals with anxiety disorders showed enhanced US-expectancy for 

the CS– compared to their non-clinical counterparts. These findings were further corroborated by 

SR, where compared to our non-anxious sample, individuals with anxiety disorders demonstrated 

enhanced SR for the CS– at late phase acquisition. Group differences were not observed for SCR 

at this phase. Overall, these results reflect adequate fear acquisition and discrimination of 

excitatory and inhibitory stimuli. 

Extinction 

US-Expectancy 
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A main effect of Stimulus, F(2,130) = 22.408, p < .001, ηp2 = .408, Phase Time, F(1,65) = 

182.907, p < .001, ηp2 = .738, and an interaction of Stimulus by Phase Time, F(2,130) = 

34.263, p < .001, ηp2 = .345, for US-expectancy was observed at extinction. No other significant 

effects were observed. Follow-up pairwise comparisons with Bonferroni correction suggested 

that when collapsing across groups, there was a significant decrease in US-expectancy from early 

to late-phase extinction for CSa+ (Mean Diff. = 2.894; SE = .236; p < .001), GSb1+ (Mean Diff. 

= 2.326; SE = .202; p < .001) and CS– (Mean Diff. = .922; SE = .179; p < .001). In addition, at 

early-phase extinction, CSa+ elicited higher US-expectancy than both GSb1+ (Mean Diff. = 

.580; SE = .216; p = .009) and CS– (Mean Diff. = 2.021; SE = .276; p < .001); GSb1+ also 

elicited higher US-expectancy than the CS– (Mean Diff. = 1.441; SE = .222; p < .001). 

Differences in responding by CS was not found at late-phase extinction (ps > .689), reflecting 

that all stimuli now possessed the same excitatory strength.  

Self-Reported Fear 

Following the extinction phase, a main effect of Group, F(1,65) = 4.128, p = .046, ηp2 = 

.060, and Stimulus, F(2,130) = 4.454, p = .013 , ηp2 = .064, was found for self-reported fear. 

However, no Stimulus by Group interaction was observed, F(2,130) = 1.153, p = .319, ηp2 = 

.017. Overall, participants with anxiety disorders showed significantly increased fear towards all 

stimuli (CSa+, GSb1, and CS–) at the end of extinction in comparison to participants without 

anxiety disorders. Follow-up pairwise comparisons with Bonferroni correction reflected that all 

participants reported significantly increased fear towards the CSa+ when compared to CS– 

(Mean Diff. = .210; SE = .079; p = .031). In contrast, no significant differences were found 

between GSb1+ and CS– (Mean Diff. = .161; SE = .070; p = .076) or GSb1+ and CSa+ (Mean 

Diff. = -.049; SE = .071; p = 1.000). 
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Skin conductance response (SCR) 

No main effect of Group, F(1,48) = 1.274, p = .265, ηp2 = .026, Stimulus, F(2,96) = 

.324, p = .724, ηp2 = .007, Phase Time, F(1,48) = .116, p = .734, ηp2 = .002, or other significant 

effects were observed for SCR at extinction. Thus, there were no detectable differences in SCR 

for CSa+, GSb1, or CS– during this phase.  

Eye blink startle reflex (SR) 

A main effect of Phase Time was found for SR, F(1,65) = 4.759, p = .034, ηp2 = .090. 

However, no main effect of Group, F(1,48) = .001, p = .980, ηp2 = .000, Stimulus, F(2,96) = 

.883, p = .417, ηp2 = .018, or significant effects were observed at extinction for SR. Overall, 

higher SR was expressed at early-phase extinction when compared to late-phase extinction. No 

group differences in EMG for CSa+, GSb1, or CS– were observed during the extinction phase.   

Extinction Summary 

There was evidence of extinction of SCR and EMG across groups, with overall SR 

significantly decreasing from early to late-phase extinction. For US-expectancy, there was 

evidence of discrimination between CS+, GSb1+, and CS– at early-phase extinction, which was 

no longer present at late-phase extinction. At the end of extinction, self-reported fear reflected 

sustained discrimination between only the CSa+ which had previously been presented in 

acquisition and the CS–. Overall, individuals with anxiety disorders expressed heightened self-

reported fear to all CSs relative to those without an anxiety diagnosis.   

Extinction Retest 

 Results for US-expectancy, self-reported fear, skin conductance response, and eye blink 

startle reflex at extinction retest are displayed in Figure 2.   

US-Expectancy 
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No main effect of Group, F(1,52) = 2.978, p = .090, ηp2 = .054, Stimulus, F(3,52) = 

1.675, p = .175, ηp2 = .031, or Stimulus by Group interaction, F(3,52) = 1.032, p = .380, ηp2 = 

.019, were observed. Thus, there were no detectable differences in US-expectancy for CSa+, 

CSb+, CS–, or novel GSb2+ at extinction retest. Limiting the analysis to those who displayed 

extinction, defined as a decrease of > 0 in US-expectancy ratings from the first to last trial of 

extinction (Craske, Fanselow, Treanor, & Bystritksy, 2019), did not reveal significant results.  

Self-Reported Fear 

No main effect of Group, F(1,52) = .414, p = .523, ηp2 = .008, Stimulus, F(3,52) = 

1.348, p = .261, ηp2 = .025, or Stimulus by Group interaction, F(3,52) = 1.409, p = .242, ηp2 = 

.026, were observed at extinction retest. Limiting the analysis to those who displayed extinction, 

defined as a decrease of > 0 in self-reported fear from the first to last trial of extinction did not 

reveal significant results. 

Skin conductance response (SCR) 

No main effect of Group, F(1,52) = .623, p = .434, ηp2 = .012, Stimulus, F(3,52) = 

2.181, p = .092, ηp2 = .040, or Stimulus by Group interaction, F(3,52) = .903, p = .441, ηp2 = 

.017, was observed. Limiting the analysis to those who displayed extinction, defined as a 

decrease of > 0.01 microsiemens from the first to last trial of extinction did not reveal significant 

results. 

Eye blink startle reflex (SR) 

No main effect of Group, F(1,52) = .644, p = .426, ηp2 = .012, Stimulus, F(3,52) = 

1.612, p = .189, ηp2 = .030, or Stimulus by Group interaction, F(3,52) = 1.172, p = .322, ηp2 = 

.022, was observed at extinction retest. Limiting the analysis to those who displayed extinction, 
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defined as a decrease of > 0.1 in SR T-score from the first to last trial of extinction did not reveal 

significant results. 

Extinction Retest Summary 

By extinction retest, all responses had extinguished and there was no evidence of a return 

of fear or expectancy, operationalized in terms of any of the dependent variables, for any of the 

stimuli. In addition, no effects of Group or Phase Time were observed. 

 

Discussion 

We investigated group differences in psychophysiological and self-report markers of fear 

between individuals with and without anxiety disorders when a perceptually similar GS was 

presented at extinction, and when return of fear was tested (i.e., extinction retest) with the 

original CS+ (CSb+; ABA+), and a second, novel GS (GSb2+; ABC+) which shared non-

extinguished CS features. We compared responding to these stimuli to responding to a separate 

CS+ (CSa+; AAA+) and CS– (AAA–), which were presented through acquisition, extinction, 

and extinction retest.  

We found no evidence of group differences between individuals with and without anxiety 

disorders in return of fear at extinction retest for eye blink startle reflex (SR), skin conductance 

response (SCR), self-reported fear, or US-expectancy. Similarly, limiting the analyses to those 

who demonstrated extinction on each respective measure did not yield any group differences at 

retest. There was limited evidence of group differences at extinction. Overall, individuals with 

anxiety disorders expressed more self-reported fear towards all CSs across the extinction phase. 

However, there was no evidence to support differential responding between groups to CSs. Our 

most significant findings were observed at acquisition, wherein individuals with anxiety 
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disorders showed enhanced US-expectancy across acquisition for the CS– compared to those 

without. This group difference was further supported by our SR findings, where compared to our 

non-anxious sample, individuals with anxiety disorders demonstrated enhanced SR for the CS– 

at late phase acquisition. Such increased responding to the CS– reflects poorer discrimination 

between CS+s and the CS– by anxious individuals, and is consistent with prior research (Grillon 

& Ameli, 2001; Hermann, Ziegler, Birbaumer, & Flor, 2002; Orr et al., 2000; Peri, Ben-Shakhar, 

Orr, & Shalev, 2000). Paralleling the extinction phase, there was also evidence of group 

differences across acquisition such that individuals with anxiety disorders showed enhanced self-

reported fear for both the CS+ and CS– compared to those without anxiety disorders. Overall, 

our findings suggest that at acquisition and extinction, individuals with anxiety disorders fail to 

inhibit their fear response in the presence of safety objects/signals (Davis et al., 2000). 

Manipulation of perceptual similarity at extinction and extinction retest did not have the 

hypothesized effect for individuals with anxiety disorders, with no between-group effects 

observed. This finding contrasts with Barry et al., 2016, who found enhanced US-expectancy to 

both the GSb2+ (ABC+) and CSb+ (ABA+) at extinction retest in an undergraduate sample. 

However, unlike Barry et al., 2016, we conducted extinction retest approximately one-week 

later, rather than immediately after the extinction phase. If extinction served as an inhibitory 

context, it appears as though extinction retest did not function as a context novel enough to elicit 

any observable renewal of fear. Given the time between extinction and retest, our paradigm may 

have been subject to memory processes, such as individual differences in memory consolidation 

and retrieval, which may have inadvertently affected our findings. However, removal of 

consolidation or retrieval processes from extinction learning generalization paradigms would 
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significantly limit the translational power of findings given that real-world stimuli are 

encountered after fear extinction has occurred through in-vivo exposure.    

Our study possessed some limitations. Our anxiety disorder sample consisted solely of 

individuals who met diagnostic criteria for social anxiety and panic disorder, limiting our 

findings’ generalizability. Furthermore, it is unclear whether our individuals without anxiety 

disorders’ have previously met criteria or will meet criteria in the future for an anxiety disorder. 

Our study is complicated even further by the fact that in addition to fear learning, numerous 

processes play a role in anxiety psychopathology. As a result, it is possible that an approach 

aligned with the Research Domain Criteria (RDoC) and driven by biological markers, rather than 

diagnosis would be beneficial to examine differences in perceptual similarity and return of fear. 

Marin et al., 2020 recently investigated differences in fear conditioning processes, examining 

groups not only by disorder status, but by also grouping these same individuals by skin 

conductance response (SCR) to shock, in which each approach yielded distinct findings. 

Although our current sample is underpowered for this approach, future studies should aim to 

examine results in this fashion.  

Overall, this study highlights how much remains unknown about mechanisms underlying 

anxiety disorders. Although our hypotheses were not supported, recent studies have highlighted 

the utility of variability in perceptual elements of stimuli during extinction in an undergraduate 

sample (Zbozinek & Craske, 2018). Further examining perceptual similarity’s role in return of 

fear remains an important avenue of research, as this line of research may result in methods 

fruitful for clinical translation and, as a result, enhance response rates for exposure-based 

therapies.  
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Table 1. Overview of experimental procedure 

  Day 1  Day 2 

Stimulus 
Family 

 Acquisition  Extinction  Extinction Retest 

a+ 
 CSa+ 

7 trials 
 CSa+ 

    11 trials 
 CSa+ 

    2 trials 

b+ 

 
CSb+ 
7 trials 

 
GSb1+ 
11 trials 

 CSb+ 
2 trials 

   GSb2+ 
2 trials 

- 
 CS− 

14 trials 
 CS− 

11 trials 
 CS− 

2 trials 

Note.  CS = conditional stimulus; GS = generalization stimulus; + indicates stimulus paired with shock; − 
indicates stimulus not paired with shock; 
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General Discussion 

 

The aim of this dissertation was to translate extinction learning processes to improve our 

understanding and treatment of anxiety disorders. Study 1 sought to examine both within-session 

fear habituation and within-session expectancy violation as predictors of pre to post-treatment 

symptom reduction. Study 2 sought to investigate if baseline hippocampal functioning affected 

treatment response to scopolamine-augmented exposure, which is proposed to ‘decontextualize’ 

learning. Finally, Study 3 sought to investigate how perceptual similarity impacts return of fear 

for complex stimuli in individuals with and without anxiety disorders. 

Study 1 

Study 1 examined two predictors of change in social anxiety-related symptoms, one 

based in modern learning theory – expectancy violation – and one in traditional exposure theory 

– fear habituation. In addition, Study 1 also sought to establish efficacy for an exposure approach 

rooted in inhibitory learning principles that does not emphasize fear habituation. We 

hypothesized that within-session expectancy violation would serve as a stronger driver of 

symptom reduction when compared to within-session fear habituation across all indices. 

Furthermore, we hypothesized that inhibitory learning-based exposure would produce significant 

pre to post-treatment symptom change in absence of exposure practices guided by fear 

habituation.  

Results revealed that average within-session expectancy violation acted as a significant 

predictor of pre to post-treatment reductions in social anxiety-related fear and avoidance. As 

average within-session expectancy violation increased, the magnitude of change in fear and 

avoidance pre to post-treatment also increased. However, inconsistent with our hypotheses, 
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neither average within-session expectancy violation nor fear reduction served as predictors of 

socially-relevant feared outcome likelihood (e.g., How likely is a negative outcome while 

telephoning in public?) and feared outcome aversiveness estimations (e.g., How bad would it be 

if a negative outcome happened while telephoning in public?). Although based off a well-

established measure (i.e., The Liebowitz Social Anxiety Scale: Self-Report (LSAS-SR; 

Liebowitz, 1987), our measures of feared outcome likelihood and feared outcome aversiveness 

were not psychometrically assessed which may have affected our findings. This is the first study, 

to our knowledge, that demonstrates evidence for within-session expectancy violation as a 

predictor of treatment change.  

Study 2 

Study 2 sought to examine pre-treatment hippocampal functioning, measured through a 

computerized behavioral task, as a moderator of treatment response to scopolamine in 

individuals with social anxiety. We hypothesized that individuals with social anxiety who 

demonstrate high hippocampal functioning – and as a result possess a high capacity for context-

bound learning –  at pre-treatment would benefit more from augmentation procedures that work 

through decontextualizing extinction learning, such as scopolamine. Specifically, for individuals 

receiving scopolamine-augmented exposure, we hypothesized that individuals with high 

hippocampal functioning would experience less return of fear at post-treatment when tested in a 

different context (i.e., context renewal) and demonstrate superior reduction of social anxiety-

related symptoms through follow-up, compared to those with low hippocampal functioning. 

Remaining consistent with Craske, Fanselow, Treanor, & Bystritksy, 2019, we examined 

individuals randomized to receive 0.5 mg (SCOP 0.5 mg) and 0.6 mg (SCOP 0.5 mg) of 

scopolamine separately to capture dose-response differences in groups if present. 



 

 69 

 In support of our hypotheses, pre-treatment hippocampal functioning moderated some 

psychophysiological responses. Those with high hippocampal functioning in the SCOP 0.6 mg 

group appeared to be less psychophysiologically fearful of humiliation/rejection when giving a 

speech in a new context than when presenting a speech in the original context in which exposure 

sessions were completed than those with low hippocampal functioning. There was limited 

support for a dose-response relationship. In further support of our hypothesis, individuals with 

high hippocampal functioning randomized to 0.6 mg of scopolamine (SCOP 0.6 mg) 

demonstrated a greater decrease in social anxiety-related symptoms from pre- to post-treatment 

relative to those with high hippocampal functioning in the 0.5 mg scopolamine group (SCOP 0.5 

mg). However, contrary to our hypothesis, post-treatment to follow-up, SCOP 0.5 mg individuals 

with low hippocampal functioning showed a greater decrease in social anxiety-related symptoms 

post-treatment to follow-up relative to SCOP 0.5 mg high hippocampal functioning individuals. 

Overall, our study provided further evidence that scopolamine-augmented exposure is likely to 

be working through the hippocampus, and that pre-treatment hippocampal functioning interacts 

with scopolamine to limit context renewal effects. Additional research required to further 

elucidate its effects. 

 Study 3 

In Study 3, we investigated group differences in psychophysiological and self-report 

markers of fear between individuals with and without anxiety disorders when a perceptually 

similar generalization stimulus (GS) was presented at extinction, and when return of fear was 

tested (i.e., extinction retest) with the original conditional stimulus (CS+; ABA+), and a second, 

novel GS (ABC+) which shared non-extinguished CS features.  We compared responding to 

these stimuli to responding to a AAA+ and AAA– which were presented through acquisition, 
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extinction, and extinction retest. We hypothesized that in comparison to individuals without 

anxiety disorders, individuals with anxiety disorders will experience more return of fear at test 

when presented with the original, conditional stimulus when fear is extinguished with a 

generalization stimulus (ABA+). Furthermore, we hypothesized that in comparison to 

individuals without anxiety disorders, individuals with anxiety disorders will also experience 

more return of fear at test when presented with a similar yet novel generalization stimulus when 

fear is extinguished with a generalization stimulus (ABC+). To observe general group 

differences, we also examined fear acquisition and extinction phases. 

We found no evidence of group differences between individuals with and without anxiety 

disorders in return of fear at extinction retest for eye blink startle reflex (SR), skin conductance 

response (SCR), self-reported fear, or US-expectancy. There was evidence of group differences 

at extinction and acquisition, wherein individuals with anxiety disorders generally expressed 

more fear towards the CS– compared to those without. Overall, our findings suggest that at 

acquisition and extinction, individuals with anxiety disorders fail to inhibit their fear response in 

the presence of safety. Further examining perceptual similarity’s role in return of fear is 

necessary so that we may clinically translate this information to exposure-based therapies.  

 Strengths of this dissertation include employment of both psychophysiological and self-

report measures of fear across studies which range from bench (e.g., Study 3) to beside (e.g., 

Studies 2 & 3). Findings from Studies 1 & 2 have significant clinical value, and Study 3 gives us 

further insight into the etiology and maintenance of anxiety disorders. However, these findings 

are each limited by sample size. Further efforts should be made to both replicate findings from 

Studies 1 & 2, and to continue to pursue Study 3’s efforts to uncover differences in extinction 

generalization – possibly with different paradigms. Taken together, this dissertation highlights 
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how critical translation of extinction learning processes are to advance our treatment of anxiety 

disorders.  
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Figure 1 
 

Condition x Time moderation of Scopolamine 0.5mg (SCOP 0.5 mg), Scopolamine 0.6 mg (SCOP 0.6 
mg), and Placebo by hippocampal functioning (HPC) on self-reported social anxiety symptoms  
Note. Low HPC = 1 SD above the error rate mean on Continuous Paired Associates Learning (CPAL) task; 
High HPC = 1 SD below the error rate mean on CPAL task 
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Figure 2  
 
Moderation of context renewal test relative to extinction retest by hippocampal (HPC) functioning within 
Scopolamine 0.5mg (SCOP 0.5 mg), Scopolamine  0.6 mg (SCOP 0.6 mg), and Placebo groups 

 

Note. *p < .05; **p < .01; Low HPC = 1 SD above the error rate mean on Continuous Paired Associates 
Learning (CPAL) task; High HPC = 1 SD below the error rate mean on CPAL task 
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Figure 3 
 
Moderation of context renewal test relative to extinction retest by hippocampal (HPC) functioning between 
Scopolamine 0.5mg (SCOP 0.5 mg), Scopolamine  0.6 mg (SCOP 0.6 mg), and Placebo groups 
 

 

Note. *p < .05; **p < .01; Low HPC = 1 SD above the error rate mean on Continuous Paired Associates 
Learning (CPAL) task; High HPC = 1 SD below the error rate mean on CPAL task. 
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Figure 4 

 
 
Note. a-d present fear conditioning data across Acquisition, Extinction, and Extinction Retest. Measures include US-expectancy, self-reported fear, 
skin conductance response (SCR), and startle reflex (SR); Group (Anx Dis, No Anx Dis) was a between-subjects factor; Anx Dis = Anxiety 
Disorders Group, No Anx Dis = No Anxiety Disorders Group. US-expectancy was measured on a 0–9 scale, where 0=“Certain no electric shock”, 
4.5=“Uncertain,” and 9=“Certain electric shock.” Self-report fear was measured on a 1–7 scale, where 1 = “Not at all fearful”, 4 = “Moderately 
fearful,” and 7 = “Very fearful.”; CSb+ was presented for the first time since Acquisition; GSb2+ was presented for the first time, and contained 
elements of CSb+ and GSb1+. 
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Fig 4. (continued) 
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Fig 4. (continued) 
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Fig 4. (continued) 
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Figure 5 

 
 
 
 

 
 

Note. a-d present fear conditioning data at Extinction Retest. Measures include US-expectancy, self-reported 
fear, skin conductance response (SCR), and startle reflex (SR); Group (Anx Dis, No Anx Dis) was a between-
subjects factor; Anx Dis = Anxiety Disorders Group, No Anx Dis = No Anxiety Disorders Group. US-
expectancy was measured on a 0–9 scale, where 0=“Certain no electric shock”, 4.5=“Uncertain,” and 
9=“Certain electric shock.” Self-report fear was measured on a 1–7 scale, where 1 = “Not at all fearful”, 4 = 
“Moderately fearful,” and 7 = “Very fearful.”; All participants saw each CS two presentations at Extinction 
Retest. CSb+ was presented for the first time since Acquisition; GSb2+ was presented for the first time, and 
contained elements of CSb+ and GSb1+. Error bars represent standard error. 

 
 
 
 

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

CS Type

U
S-

Ex
pe

ct
an

cy
a. Extinction Retest - US-Expectancy

CSa+ / Anx Dis
CSa+ / No Anx Dis
CSb+ / Anx Dis
CSb+ / No Anx Dis
GSb2+ / Anx Dis
GSb2+ / No Anx Dis
CS- / Anx Dis
CS- / No Anx Dis

0

0.5

1

1.5

2

2.5

CS Type

Se
lf-

R
ep

or
te

d 
Fe

ar

b. Extinction Retest - Self-Reported Fear

CSa+ / Anx Dis
CSa+ / No Anx Dis
CSb+ / Anx Dis
CSb+ / No Anx Dis
GSb2+ / Anx Dis
GSb2+ / No Anx Dis
CS- / Anx Dis
CS- / No Anx Dis



 

 80 

 
 
 

 
 
 
 

 
Fig. 5 (continued) 
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Figure 7 

a. CS Species ‘Features’ Breakdown 
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b. CS Species ‘A’ 

 

Fig. 7  (continued) 
 

 

  

CSa GSa2

GSa1



 

 83 

c. CS Species B 
 

 

Fig. 7  (continued) 
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d. CS Species C 

 

 

Fig. 7  (continued) 
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e. Illustration of shared features across CS+, GS1+, and GS2+ using Species A 

as an example. Circles of the same color represent same feature. 
 

 
 

Fig. 7  (continued) 
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